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ENWRONYEMTAL PROTECTION 
AOEMCY 
rmL-108clI 

OuMellnoa tor Cmcbogm R W  
Amemment 
AOLWC~: U.S. Environmental Rotec 
Agency (EPA). 

Ion 

A c T n m  Final guidelines for carcinogen 
risk aeeesement. 

SUYYARX The U.S. Environmental 
Protection Agency is today iseuing five 
guidelines for aseeesing the health rieks 
of environmental pollutante. These are: 
Guidelines for Carcinogen Risk 

Guidelinee for Estimating Expoaures 
Guidelinee for Mutagenicity Risk 

Aseesement 
Guidelines for the Health Assessment of 

Suspect Developmental Toxicants 
Guidelines for the Health Risk 

Assessment of Chemical Mixtures 
This notice contains the Guidelines for 
Carcinogen Risk Asseesmenk the other 
guidelines appear elsewhere In today's 
F e d d  Rbgister. 

The Guidelinee for Carcinogen Rlek 
Assesemen! (hereafter "Guidelines") are 
intended to guide Agency evaluation of 
suspect carcinogen8 in line with the 
policies and procedures established in 
the statutes administered by the EPA. 
These Guidelines were developed as 
part of an interoffice guidelines 
development program under the 
auspice8 of the Office of Health and 
Environmental Assessment (OHEA) in 
the Agency's Office of Research and 
Development. They reflect Agency 
consideration of public and Science 
Advieory Board (SAB) comments on the 
Proposed Guidelines for Carcinogen 
Riek Aesessment published November 
23, leer (49 FR 48294). 
This publication completes the first 

round of risk assessment guidehes 
development. These Guidelines will be 
revieed and new guidelines will be 
developed. as appropriate. 
tmcTnn DATE The Guidelines will be 
effective September 24,1988. 
H M ~ ~ t W U c o ( I T A c T :  
Dr. Robert E McCaughy, Carcinogen 
Aesessment Group, Office of Health and 
Environmental Assessment (RD-689). 
U.S. Environmental Rotectlon Agency, 
401 M Street SW.. Washington, DC 
20480.202-3826898. 
#IPPUYOCIAIIV ~~ In leas, 
the National Academy of Science# 
(NAS) publlrhed I t s  book entitled Rfsk 
Aaaeaament in the Fedeml Covemmenk 
Munaging the Frvceee. In that book, the 
NAS recommended that Federal 
regulatory agendee ertablish "inference 

Aeeesement 

guidelines" to ensure consistency and 
technical quality in risk assessments 
and to ensure that the risk aesessment 
procese was maintained as a scientific 
effort separate from risk management. A 
teak force within EPA accepted that 
recommendation and requeeted that 
Agency sdentiets begin to develop such 
guidelines. 
c;snd 

products of a two-year Agencywlde 
effort, which has included many 
scientists from the larger ecientific 
community. These guidelines aet forth 
principles and procedures to guide EPA 
scientiete in the conduct of Agency risk 
aseesements, and to inform Agency 
decision maken, and the public about 
these procedures. In particular, the 
guldelinee emphaelze that risk 
aseeasments will be conducted on a 
case-by-case basis, glw full 
consideration to all relevant scientific 
informetion. This caee-by-case approach 
means that Agency experts review the 
scientific information on each agent and 
uee the most scientifically appropriate 
interpretation to assess risk. The 
guidelines also strese that thls 
information will be fully preeented in 
Agency risk aeeesement documents, and 
that Agency scientiets will identify the 
etrengths and weaknesees of each 
aeseesment by deecribing uncertainties, 
aesumptione, and limitations, as well as 
the scientific basis and rationale for 
each assessment. 

Finally, the guidelines are formulated 
In part to bridge gaps in risk assessment 
methodology and data. By identifying 
these gape and the importance of the 
miesing information to the risk 
assessment prccess, EPA wishes to 
encourage research and analyeis that 
will lead to new risk assessment 
methods and data. 
Guideboa for CamAmqpn Rhk 
AMeeemsnt 

Work on the Guidelines for 
Carcinogen Rfek Aseessment began in 
January 1 W .  Draf? guidelines were 
developed by Agency work groups 
composed of expert sdentists from 
throughout the Agency. The drafts were 
peer-reviewed by expert sdentisb in the 
field of carclnogenesis from univemlties, 
environmental groups, industry, labor, 
and other governmental agencies. They 
were then proposed for publlc comment 
in the Fedmd RegMer (40 FR 18291). On 
November 9,1884, the Admlnlstrator 
dlrected that ency ofnces use the 

assessments unUl final guidellnes 
become available. 

The guidelines published today are 

proposed guide 9 lnes in perform- risk 

After the close of the public comment 
period, Agency staff prepared 
summaries of the comments and 
analyees of the major ieeuee preeented 
by the commentore. and propoeed 
changes in the language of the 
guidehes to deal with the iseuee raise'd. 
These analysee were preeented to 
review panels of the SAB on March 4 
and April 22-23,1985, and to the 
Executive Committee of the SAB on 
April 25-28,1985. The SAB meetings 
were annou.ced in the Fedetal Reglater 
as followe: February 12,1885 ([io FR 
6811) and April 4,1985 (50 FR 13420 and 
13421). 

In a letter to the Adminletrator dated 
lune 19,1985, the Executive Committee 
generally concurred on all five of the 
guidelines, but recommended certain 
revielone, and requested that any 
revised guidelines be submitted to the 
appropriate SAB review panel chairman 
for review and concurrence on behalf of 
the Executive Committee. As described 
in the responeee to comments (eee Part 
Ex Responee to the Public and Science 
Advinory Board Comments), each 
guidelines document wae revieed. where 
appropriate, coneietent with the SAB 
recommendatlone, and revised draft 
guidelines were eubmltted to the panel 
chairmen. Revised draft Guidelines for 
Carcinogen Riek Asseeement were 
concurred on in a letter dated February 
7.1888. Copiee of the letters are 
available at the Publlc Information 
Reference Unit, EPA Headquarters 
Library. as indicated elsewhere in this 
notice. 

Part A contains the Guidelines and Part 
B, the Reeponse to the Public and 
Science Advisory Board Comments (a 
summary of the major public commente. 
SAB comments, and Agency responses 
to those commente). 

The Agency is continuing to study the 
risk assessment iseues raised in the 
guidelines and will revise these 
guidelines in h e  with new hformation 
as appropriate. 

References, supporting documents, 
and comments received on the propoeed 
guidelinee, as well as copies of the final 
guldelines, are available for inspection 
and copying at the Public Information 
Reference Unit (#129826828), EPA 
Headquarters Library, 4M M Street 
SW., Washlngton, D C  between the 
h o w  of 8:OO a.m. and 4% p.m. 

1 certify that these Guidelines are not 
major rules as defined by Executive 
Order 12281, because they are 
nonblndhq poky  statements and have 
no dlrect effect on the regulated 
communlty. Therefore, they will have no 
effect on costs or prices, and they will 

Following thls Preamble are two parts: 
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have no other eignificant adverse effects 
on the economy. Theee Guidelines were 
reviewed by the Office of Management 
and Budget under Executive Order 
12291. 

LaoM.Tbomnr, 
Adminis frator. 

cootsatr 

Put  A: Cuidsllaao for cudnogen RLk 
A.#rrment 

1. Intduction 

A Overview 
B. Elements of H a z e d  Identification 

Dated: August 22 1888. 

. Hazard Identificution 

I. Physical-Chemical RoperUes end Routes 

t Structure-Activity Relationships 
3, Metabolic and Pharmacokinetic 

4. Toxfcologlc Effecb 
6. Short-Term Testr 
6, Long-Term Animal Studles 
7. Human Studlee 

C Weight of Evidence 
D. Guidance for DoseResponue Assessment 
E Summary and Conclusion 
fII.  Dose-liesponse Assessment, fiposun, 
hmsment ,  and Risk Chamcferizolion 
A Dose-Responre Assassment 

and Patterns of Exposure 

Ropertier 

1. Selection of Data 
2 Choice of Mathematical Extrapolallon 

Model 

Spedes 
3. Equivalent Exposure units Among 

8. Exposure Assessment 
C Risk Characterization 

1. Optionr for Numerical Risk QHmetes 
2 Concurrent Exposure 
3. Summay of Risk Characterhtlon 

f f .  EPA Classification Sptem for 
Catqon'zing Weight of Evidence for 
Carcinogenicity h m  Humon and Animal 
Studier (Adapted h m  IARC) 
A. Ao~rnmmt of Weight of Evidence for 

B. Aueerment of Weight of Evidence for 
Cardnogenldty From Studler in Hum- 

Cardnogmldty Rom Studler in 
Exparimental Anlmals 

C Categorization of Overall Weight of 
Evidence for Human C a d n ~ n l c i t y  

V. Refemncea 
Put B R e q o a n t o P u b k d ~  
AdplravBoudcommsatr 
1. Infnnfuction 
I1. OIJiCb of Sciencs and Technology Policy 

11I. Infernnos Guidelines 
f f .  Evaluation of Benign 7bmors 
K 7hnspiacsntal anti Muitiigsnemtional 

Animal Biwssoya 
VI. Maximum Tolemted Dore 
V1I. Mouse Liver 7bmors 
V111. Weightsf-Bvidenw Colsgorler 
LX. Quantitative Bfimabr  of Risk 

&pori OR Chemiwl Caminogens 
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Part A: Guidelines for Cardoogen Risk 
Aseessment 
I. Inlnoduction 

Thle le the flrnt revleion of the 1978 
Interim Proceduree and Guldelinee for 
Health Rlek Aeeeeements of Suepected 
Carcinogene (U.S. EPA, 1978; Albert et 
al.,  IS^). The impetus for thie revieion Is 
the need to incorporate into theee 
Guidelinee the concepte and approaches 
to carcinogen riek aeeeeement that have 
been developed during the laet ten 
yearn. The purpoee of theee Guidelines 
ie to promote quality and coneietency of 
carcinogen riek aeeeeements within the 
EPIC and to inform thoee outeide the 
EPA about lte approach to carcinogen 
riek aeeeeement. Theee Guldelinee 
emphaeize the broad but eeeential 
aepecte of riek aeeeeement that are 
needed by experte In the various 
dieciplinee required (e.g.. toxicology, 
pathology, pharmacology, and etatistics) 
for carcinogen riek aeeeesment. 
Guidance le given in general !erne since 
the ecience of carcinogenesia ie in a 
atate of rapid advancement, and overly 
epecific approaches may rapidly become 
obeolete. 

Theee Guidelinee deecribe the general 
framework to be followed in developing 
an analysis of cardnogenic risk and 
eome ealient principles to be ueed in 
evaluating the quality of data and in 
formulating judgments conceming the 
nature and magnitude of the cancer 
hazard from euepect carcinogens. It ie 
the intent of theee Guidelinee to permit 
eufficient flexibility to accommodate 
new knowledge and new aseessment 
methods as they emerge. It is aleo 
recognized that there is a need for new 
methodology that has not been 
addreesed in this document in a number 
of areas, e.g., the characterization of 
uncertainty. As this knowledge and 
assessment methodology are developed. 
these Guidelines will be revised 
whenever appro date. 

knowledge in the field of carcinogenesis 
and a statement of broad sclentific 
principles of carcinogen risk 
asseeement, which was developed by 
the Office of Science and Technology 
Policy (OS"€', 1685). forms an important 
basis for these Gddellnee; the format of 
these Guidelines is slmllar to that 
proposed by the National Research 
Council (NRC) of the National Academy 
of Sdencee in a book entitled Risk 
Asaessment in the Fedeml Governmenk 
Managing the h e a s  (NRC, 1883). 

These Guidelines are to be used 
wlthh the policy framework already 
provided by applicable EPA statutes 
and do not alter such polldes. These 
Guldellnes provide general directiona 

A summary o P the current state of 

for analyzing and organizing available 
data. They do not Imply that one kind of 
data or another Is prerequisite for 
regulatory action to control, prohibit, or 
allow the uee of a carcinogen. 

Regulatory decieion making involves 
two componente: riek aeeesement and 
riek management. Riek aeeeeement 
defines the adverae hetilth consequences 
of exposure to toxic agente. The riek 
aeeeeemente will be carried out 
independently from considerations of 
the coneequencee of regulatory action. 
Rlek management combinee the riek 
aeseeement with the directive8 of 
regulatory legleiation, together with 
sodoeconomic, technical. political, and 
other coneideratione. to reach a decision 
as to whether or how much to control 
future expoeure to the euspected toxic 
agents. 

of the following componente: hazard 
Identification, doee-reeponee 
aeeesement. expoeure aeeeeement, and 
riek characterization (NRC, 1983). 

Hazard Identification ie a qualitative 
riek aeeesement, dealing with the 
proceee of determining whether 
exposure to an agent hae the potential to 
increase the incidence of cancer. For 
purposes of theee Guidelines, both 
malignant and benign tumorn are ueed in 
the evaluation of the carcinogenic 
hazard. The hazard identification 
component qualitatively anewers the 
question of how likely an agent is to be 
a human carcinogen. 

Traditionally, quantitative risk 
aesessment hae been ueed as an 
inclusive term to describe all or parte of 
dose-response assessment, exposure 
assessment, and risk characterization. 
Quantitative riek asseesment can be a 
useful general term in eome 
circumstances, but the more explicit 
tendnology developed by the NRC 
(1883) is usually preferred. The dose- 
response assesement defines the 
relationship between the doee of an 
agent and the probability of induction of 
a carcinogenic effect. This component 
usually entaiis an extrapolation from tho 
generally high doses admlnietered to 
experimental animale or expoeures 
noted in epidemiologic studiee to the 
exposun, levels expected from human 
contact with the agent In the 
environment; it also includes 
conslderations of the validity of these 
extrapolations. 
The exposure assesement identifit . 

populations exposed to the agent. 
descllbes thelr compodtion and eke. 
and presents the types, magnltudes. 
frequenclee, and durationr of exposun 
to the agent. 

Risk aseeeement includes one or more 

\' '.. 
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In dek characterization, the reeults of 
the exposure asseeement and the dose- 
response aseeesment are combined to 
estimate quantitatively the cardnogenic 
riek. As part of risk characterization, a 
summary of the strengthe and 
weakneseee in the hazard identification, 
doee-reeponee assessment. exposure 
aseesement and the public health risk 
eetimates are presented. Major 
assumptione, ecientlfic judgments, and, 
to the extent possible, estimates of the 
uncertaintiee embodied in the 
aseesement are also preeented 
distinguishing clearly between fact, 
assumption, and science policy. 

1983) pointed out that there are many 
questions encountered in the risk 
aeeeeement procees that are 
unanswerable given current scientific 
knowledge. To bridge the uncertainty 
that exiete in these areas where there is 
no scientific consensus, inferences must 
be made to eneure that progrees 
continuee in the asseeement process. 
The OSTP (i6&i) r e a b e d  this 
position, and generally left to the 
regulatory agenciee the job of 
articulating these inferences. 
Accordingly, the Guidelines incorporate 
judgmental positione [science policies) 
baeed on evaluation of the presently 
available information and on the 
regulatory mieeion of the Agency. The 
GuideUnes are coneistent with the 
principles developed by the OSTP 
(IeSS), although in many instances are 
necessarily more specific. 
II. Hazard Identification 
A. Overview 

identification part of risk aseesement 
contains a review of the relevant 
biological and chemical information 
b e e m  on whether or not an agent may 
pose a cardnogenic hazard. Since 
chemical agents seldom occur in a pure 
state and are often transformed In the 
body, the review should include 
available information on contaminants, 
degradation products. and metabolltea 

Studies are evaluated accodw to 
sound biolaglcal and statistical 
considerations and procedursr. 'Thew 
have been described in several 
publications (Interagency Regulatory 
Liaison Group. lm, OSTP, lW!% Pet0 et 
al., leeo, Mantel, lee0. Mantel and 
Haenszel. 195% Interdisdplinary Panel 
on Carcinogenlcity, l a :  National 
Center for Toxicological Research, letn: 
National Toxicology 1881, U.S. 
EPA 1883a.1983b. 1- Hareman, 
19841. Resultr and conclusions 
concemlng the agent derlved from 
different types of Information, whether 

; 

The National Reeearch Council (NRC 

The qualitative assessment or hazard 

so14999 al0)(00)(2.2-SEP-E&17m:2T) 

indicating positive or negative 
responses, am melded to~ether into a 
weightsf-evidence determlnation. The 
strength of the evidence supporting a 
potential human carcinogenicity 
judgment is developed in a weight-of- 
evidence stratification scheme. 
B. Elements of Hazard Identification 

Hazard identification should include a 
review of the following information to 
the extent that It  Is available. 
1. Phyaical-Chemical Properties and 

Routes and Patterns of Gxposum. 
Parameters relevant to carcinogenesis, 
including physical state, physical- 
chemical properties, and exposure 
pathways in the environment should be 
described where poseible. 

2. Structurre-Activity Relationships. 
This section should summarize relevant 
structure-activity cornletions that 
support or argue againet the prediction 
of potentlal carcinogenicity. 

3. Metabolic and Pharmacokinetic 
Properties. This section ehould 
summarize relevant metabolic 
information. Information such as 
whether the agent le direct-actlng or 
requiree conversion to a reactive 
carcinogenic (e.g.. an electrophilic) 
epeciee, metabolic pathwaye for euch 
conversione, macromolecular 
interactions, and fate (e.8.. traneport, 
storage, and excretion), ae well as 
epeciea differencee, ehould be diecuaeed 
and critically evaluated. 
Pharmacokinetic properties determine 
the biologically effective doee and may 
be relevant to hazard identification and 
other components of risk aesesement. 

4. Toxicologic Effects. Toxlcologlc 
effects other than carcinogenicity (e+, 
suppreesion of the immune system, 
endocrine disturbances, organ damage) 
that are relevant to the evaluation of 
cardnogenidty should be summarlzed. 
Interactions with other chemicals or 
agents and with lifestyle factore should 
be discussed. Precfvonic and chronic 
toxicity evaluations. as well as other 
test results, may yield information on 
target organ effecte, pathophyeiologlcal 
reactions, and preneoplastlc lesions that 
bear on the evaluation of 
carcinogenicity. Dose-response and 
the-to-response analyses of these 
reactions may also be helpful. 

6. Short-Term Tests. Tests for point 
mutations, numerlcal and structural 
chromosome aberrations, DNA damage/ 
repair. and in vim transformation 
provide supportive evidence of 
carcinogenldty and may give 
information on potential carcinogenic 
mechanisms. A range of tests from each 
of the above end points helps to 
characterize an agent's response 
ope- 

Short-term in vivo and in v im  teete 
that can give indication of initiation and 
promotion activity may also provide 
supportive evidence for carcinogenicity. 
hck of poeittve results in short-term 
teets for genetic toxicity doee not 
provide a basis for discounting poeitive 
results in long-term animal studies. 

for the technical adequacy of animal 
carcinogenicity studies have been 
publlehed (e.&, US. Food and Dny~ 
Administration, 1882; Interagency 
Regulatory IJaison Group, 1879; 
National Toxicology Program. 1984; 
OSTP, IW; U.S. EPA. 1883a, 1983b. 
1983~; Peron et al., 1980; Mantel, 1eeO) 
and should be used to ju&e the 
acceptabiUty of indivldual studies. 
Transplacental and multigenerational 
carcinogenesis studiee, in addition to 
more conventional long-term animal 
studies, can yield useful information 
about the carcinogenicity of agents. 

It is recognized that chemicals that 
induce benign tumors frequently aleo 
induce malignant tumors, and that 
benign tumors often progress to 
malignant tumors (Interdisciplinary 
Panel on Carcinogedcity, IN). The 
incidence of benign and malignant 
tumors will be combined when 
ecientifically defensible ( O m ,  1985, 
Principle 8). For example, the Agency 
will, in general, coneider the 
combination of benign and malignant 
tumors to be ecientifically defensible 
unless the benign tumors are not 
considered to have the potential to 
progress to the aesociated malignancies 
of the same histogenic origin. If an 
increased incidence of benign tumors is 
observed in the absence of malignant 
tumors, in most cases the evidence wiU 
be considered as limited evidence of 
carcinogenicity. 
The weight of evidence that an agent 

is potentially carcinogenic for humans 
increases (1) with the increase in 
number of tiseue dtee effected by the 
agent; (2) with the lncrease in number of 
animal species, strains, sexes, and 
number of experiments and doses 
sh9wing a ctrcinogenic response: (3) 
 wit;^ the Occurrence of clearcut dose- 
respinee relationehips as well ea a high 
leve! of statistical significance of the 
in*;reased tumor incidence in treated 
compared to control p u p s :  [I) when 
there In a dose-related shortening of the 
time-to-tumor occurrence or time to 
death with tumor; and (6) when there is 
d dose-related Lncreaee In the proportion 
of tumors that are malignant. 

Long-term animal studies at or near 
the maximum tolereted dose level 
0) am used to ensure an adequate 
power for the detection of cardnogenic 

8. Long-Term Animal Studies. Criteda 

F47 Ol.l"...( 18 .MI... 4-15.88 
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activity (NTP, 1684; IARC 1982). 
Negative long-term animal etudiee at 
exposure levele above the MTD may not 
be acceptable if animnl ewival le so 
impaired that the eeneitivity of the study 
is significantly reduced below that of a 
conventional chronic animal study at 
the MTD. The OSTP (1985; Principle 4) 
hae stated that. 
The uvdnogenic effects of agents may be 

lnnuenced by non-physiological responses 
(such as extensive organ damage, radical 
disruption of hormonal function. saturation of 
metabolic pathways. formation of stones In 
the h a y  tract mturation of DNA repair 
wlth a hmct lo~ l  loss of the system) Induced 
In the model syalem. T e r m  regimes 
indudng these responses should be evnluated 
for their relevance to the human response to 
M agent and evidence from such a study. 
whether porltive or negative. murt be 
carefully rwlewed 

Positive studies at levels above the MTD 
should be carehlly reviewed to e n e m  
that the response8 are not due to factom 
which do not operate at exposure levele 
below the KID. EviGence indicating 
that high expoaures alter tumor 
responses by indirect mechanieme that 
may be unrelated to effects at lower 
exposures should be dealt with on an 
individual baeia. As noted by the OSTP 
(1985). "Normal metabolic activation of 
carcinogene may poeeibly also be 
altered and carcinogenic potential 
reduced as a consequence [of high-dose 
testing]." 

Carcinogenic reeponsee under 
conditions of the experiment should be 
reviewed carefully as they relate to the 
relevance of the evidence to human 
carcinogenic r ieb (e.g., the occurrence 
of bladder tumors in the presence of 
bladder etones and implantation eite 
sarcomae). Interpretation of animal 
studies is aided by the review of target 
organ toxldty and other effects (e.g., 
changes in the Lmmune and endocrine 
syetems) that may be noted in 
prechronic or other toxlcological studles. 
Time and dose-related changes in the 
incidence of preneoplastic leeione may 
a180 be helpful in interpreting animal 
studies. 

Agents that are positive in long-tern 
animal experiments and also show 
evidence of promoHng or cocarcinogenic 
activity in specialized tests should be 
considered as complete carcinogens 
unless there is evidence to the contrary 
because it Is, at present, difficult to 
determine whether an agent is only a 
promoting or cacarcinogenic agent. 
Agents that show positive results in 
rpedal tests for initiation, promotion, or 
cocardnogeddty and no indlcation of 
tumor respame in well-conducted and 
welldesigned long-term animal studies 

should be dealt with on an individual 
baeie. 

To evaluate cardnogentcity. the 
primary comparieon is tumor responee 
in dosed animals as compared with that 
in contemporary matched control 
animale. Hietorical control data are 
often valuable, however, and could be 
used along with concurrent control data 
in the evaluation of carcinogenic 
reeponeee (Haaeman et al., 1984). For the 
evaluation of rare tumors, even emall 
tumor reuponeee may be significant 
compared to hietorical data. The review 
of tumor data at eitee with htgh 
epontaneoue background requires 
special coneidoration (OSTP, 1985; 
Principle 9). For instance, a reeponee 
that ie eignificant with respect to the 
experimental co~ tml  group may become 
queetionable if the hletorical control 
data indicate that the experimental 
control group had an unueually low 
b a c l q u n d  incidence (NTP, 1984). 

For a number of reasons, there are 
widely diverging scientific viewe (OSTP, 
1W. Ward et el., 1979a. b: Tomatie. 
1877; Nutrition Foundation, 1983) about 
the validity of mauee liver tumom ae an 
indication of potential carcinogenicity in 
humane when such tumom occur in 
etraine with high epontaneoue 
background incidence and when they 
conetitute the only tumor reeponee to an 
agent. Theee Cuidelinee take the 
poeition that when the only hunor 
reeponee ie In the mouee liver and when 
other coliditione for a claseification of 
"eufficient" evidence in animal atudies 
are met (e.g., replicate studies, 
malignancy: see section nr), the data 
should be considered ae "sufncient" 
evidence of carcinogenicity. It is 
understood that thie claseification could 
be changed on a case-by-caec bade to 
"limited" If warranted, when factors 
such as the following, are observed: an 
increaeed incidence of tumors only in 
the highest dose group and/or only at 
the end of the study; no substantial 
doee-related increase in the proportion 
of tumors that are malignant; the 
occurrence of tumors that are 
predominantly be- no dooe-related 
shortening of the time to the appearance 
of tumors; negative or inconclusive 
results from a spectrum of short-term 
tests for mutagenic activity: the 
Occurrence of excess tumors only in a 
slngle sex. 

Data from all long-term animal studies 
am to be considered in the evaluation of 
carcinogenldty. A positive carcinogenic 
response in one spedes/sbain/ser Ir 
not generally negated b aegaUve 
results in other specieejLain/sex. 
Repllcate negative studies that ara 
essentially identical in all other respecb 

td a positive etudy may indicate that the 
positive reeulte nre epurioue. 

Evidence for carcinogenic action 
should be bawd on the obeervation of 
etatietically uignificant tumor reeponeee 
in epedfic organs or tieeuea. 
Appropriate etatietical Pnalyeie ehoulb 
be performed on data from long-term 
etudiee to help determine whether the' 
effects are treahnent-related or possibly 
due to chance. These should et least 
include a etatistical test for trend. 
including appropriate correction for 
differences in eurvival. The weight to be 
given to the level of etatietical 
significance (the p-value) and to other 
available piecee of information ie a 
matter of overall scientific judgment. A 
etatietically eignificant excess of tumors 
of all typee in the aggregate. in the 
abeence of a etatietically eignificant 
increase of any individual tumor type, 
ehould be regarded as minimal evidence 
of carcinogenic action unlees there are 
persuaeive reasone to the contrary. 

7. Human Studies. Epidemiologic 
etudiee provide unique information 
about the responee of humane who have 
been exposed to euepect carcinogens. 
Descriptive epidedclogic studiee are 
ueeful in gererating hypotheeee and 
providing euyporting data, but can 
rarely be used to make a cauaal 
inference. Analytical epidemiologic 
studiee of the caee-control or cohort 
variety, on the other hand, are 
eepecially useful in aeaeseing riske to 
exposed humane. 

Criteria for the adequacy of 
epidedologic studies are well 
recognized. They include factors such as 
the proper selection and 
characterhatior. of exposed and control 
groupa the adequacy of duration and 
quality of follow-up, the proper 
identification and characterization of 
confounding factors and biae. the 
appropriate coneideration cf latency 
effects. the valid aecertainment of the 
causes of morbidity and death, and the 
ability to detect specific effects. Where 
it can be calculated the etatietical 
power to detect an appropriate outcome 
should be included in the aseesement. 

The s t r e q t h  of the epidemiologic 
evidence for cnrcinogenicity depends, 
among other things, on the type of 
analysis and on the magnitude and 
specificity of the response. The woight 
of evidence increaees rapidly with the 
number of adequate studies that ahow 
comparable resulte on populations 
exposed to the same agent under 
different conditions. 

It should be recognized that 
epidedologic studies are inherently 
capable of detectlng only compartltively 
large increases in the relative riek of 
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cancer. Negative results from ruth 
rtudier cannot prove the absenca of 
caxinogenic action: however, negative 
results from a well-designed and well- 
conducted epidemiologic study that 
contains usable expoeure data can serve 
to define upper limite of risk; these are 
useful i i  animal evidence indicates that 
the agent is potentially carcinogenic In 
humans. 
C. Weight of Evidence 

in humans comes primarily h m  two 
sources: long-term animal tests and 
epidemiologic investigations. Resultr 
from thew studies am rupplemented 
with available information from short- 
term tests. pharmacokinetic studiea 
comparative metaboliam rtudlea 
structureactivity relatiomhipa and 
other nlevant toldcologic rtudfw. The 
question of haw likely an agent Ir to be 
a human carcinogen rhould be anrwuzed 
in the framework of a weightof- 
evidence judgment. Judgment# about Ibe 
weight of evidence lavolve 
considerntiant of the qunllty wid 
adequacy of the data and the kinds and 
consistency of t b e p o n ~ r  induced by I 
surped carwrogen. There am thrse 
major etepr to characterldng the welght 
of evldence for carclnogsnlcity in 
humans: (I) Characterization of the 
evidenm from human rtudea and horn 
animal rtudiw indlvtddy. (2) 
combination of the charactsrlratiar of 
thew two typer of data into an 
Indication of the overall weight of 
evidence for human carcinogenidty, and 
(3) evaluation of all rupporthg 
information to determine if the overall 
weight of evidence rhould be modified. 

EPA has developed a ryrtem for 
rtratlfyir4 the w e w t  of cvidence (ree 
section nr). Thir clarrificatlon in not 
meant to l w  applied Wdly or 
mechanically. At variour polntr in the 
above d i m r r t o e  EPA har empharired 
the need for an overak balanced 
judgmsnt of the totality of the rvallable 
evidence. Particularly for well-rtudled 
substancea the rdentific data bare will 
have a complexity that m o t  be 
caphved by any clarrlfication rchemb. 
Therefore. the hazard identification 
section should include a M I W I ~ ~ W  
eummnry of the rtrsngthr and 
weaknesrcr of the evidence a8 well aa 
itr catqorlrstion in the EPA rcheme. 
The EPA clareificatlw ryrtsm La in 

genernl. an adaptatlon of the 
Intcmationel Agency for Reeearch rn 
Cancer ( M C  1882) approach lo* 
clasdfying the wolght of evidence for 
human Qta and anlmal data. The EPA 
classification myrtsm !or the 
chqracterlzntlon uf the ovmll  wclfit of 
cvidrnce for c a r d n m i d t y  (adma1 

Evidence of possible carcinogenicity 

humah and other rupportive data) 
Lncludw: Croup A-Cardnogenic to 
Humanr: Croup B-hbably 
Carcinogenic to Humanr; Group C- 
h s i b l y  Cardnogenic to Humanr: 
Cmup M o t  Clauifiable to Human 
Cardnogsnldty and Croup E- 
Evidence of Non-Cmdnmidty  for 
Humanr. 

The following ~ ~ d l f l ~ ~ t l ~ ~  of the 
IARC approach have been mad8 for 
classlfytq human and d m s l  rtudlea. 

For human rtudier: 
(1) TLe obrervation of a rtaflrtically 

rlgnificant a r d a t l o n  between an agsnt 
and l i fe-batmiag h Q n  tumon la 
humam is included la the evaluation of 
rirltr ta hum-. 

(2) A "no data avallable" 
darriflcation Ir a d d d  

(3) A "no evidence of cardbogsnldty" 
clasrlflcation ir added. Thl, 
claadficaton indicates that no 
asrodaflon wm found between 
expoam and i n c m a d  Ark of uncur in 
well-conducted, wel ldwignd 
independent analytical epidemiologic 
rtudiw. 

combined b e n e  and malignant tumon 
will be considered to pmvlde rufnclent 
evidence of cardnogenldty If the other 
criteria de& the "rufllcient" 
claroification of evidence am met (a.8.. 
replicate rtudier. malleancy. oee 
d o n  IV). and mallgnnnt 
tumora will be combined when 
dentifiully Jefenrlble. 

(2) An i n m a d  incidence of benlgn 
hunon alone generally constitutes 
"ltmlted" evidence of cardnogenldty. 

(3) An inclsrred inddence of 
neoplarmr that occur with hlgh 
rpontansous background incidence (e.& 
mourn llver tumors and rat pitulhry 
tumora in wrtatn rtralnr) generally 
unutltutw "rufRcient" evidence of 
cardamdty, but may be chnnged to 
"llmlted" when warranted by the 
rpedflc Information available on the 

classification her been added. 
(5) A "29 evidence of cardnogenlcity" 

clouification ir alro added. Thlr 
operational clarrtflation would include 
rubstanma for whlch thm ir no 
h a s a d  incidence of nboplarmr In at 

conductej .nlmul rtudler of adequate 
por*erurd~inM'iarsatrpadea. 
D. Guldsaas for D o a e - R e q m m  
Ammoment 

The qualitative svldbncs for 
urdnogenerir rhould be dkuued for 
purpa~~ of @ding the daswwponre 
A-OITNWI~ The guidance rhould be 

For anlmal rtudlea: 
(1) An l a m a d  inddace of 

y:i "no data avdhbh" 

Isart two Wellddwed a d  well- 

given la t e r n  of the approprintenerr 
pnd 1lmitAtiOM Of B p e d f i C  r h d i C l  
wall er pharmacokinetic comlderationr 
that rhould be factored into the d w  
reaponre arreument The appropriate 
method of extrapolation rhould be 
factored in wben the experimental b u t e  

In humanr. 
mtr that are judgedtobe In the 

EPA welghtof-evidence rtratiftcation 
Croup A and B would be rqjuded A# 
rubble  for quantlbtive rid 
aueuments. Agenta that pld 1- to 
be in Croup C will generally be regarded 
ar rultable for quantitative risk 
a r m a n e n t  but judgmentr in thir q a r d  
may be made on A care-by-cn~~ bdr.  
Agenb that M judged to be in Croup 
D and E would not have quantitative 
rirk aueumentr. 
E Summary and Conclusion 

key find@# la all of the rectionr of the 
quailtative arserrment and the 

barir for the conclusion. Auumptionr, 
uncsrtaintier in the evidence, and other 
fccton that may affect the mlevance of 
the evidence to humanr rhould be 
diecurred. The concluslon rhould 
present both the weightofavldence 
ranklng and a deodption that brings out 
the more rubtle arpectr of the evidencs 
that mny not be evident from the 

fff. DOesRespon~e h m m e n t ,  
Expaurs Aaseosment, and Risk 
Chumcterizu tion 

Mer data concaw;% the 
urdnogenic propertlev of a rubrtnncs 
have been collected, evaluated, and 
catelprired, I t  is fruquently dedmble to 
estimate the llkaly ranqe of exceor 
Cancer risk arsodated with glven Isvelr 
and condltlonr of human exposure. Tbe 
ftnt rtep of the analyalr needed to make 
much ertlmations Ir the development of 
the likely relationrhlp between do- and 
resporw (cnncer laddance) in the 
region of human exporum. Thlr 
Information on dow-response 

information on the M~UIW and 
magnitude of human e x p u r e  to yield 
an ertimats of human risk The risk- 
charrcteriration rtep alro lacludea an 
Interpretdon of theee ertlmater la light 
of the blologlcaL rtatlrtical and 
exponus arrumptrons and uncsrtaintier 
that have orlwn throughout the proobrs 
of nuerring rlrk. 
The elemcmtr of d0se-rerpon.e 

armamsilt are described In d o n  
IIIA. Guldancs on himen exporum 
areoument Ir prodded In anathsr EPA 

Of CXpo8UH dlffm h m  that 

The ~ ~ m m a r y  rhould present all of the 

interpretive rationale that f o m  the 

mlklq alone. 

relatlrdlipa Ir arupld with 



document W.S. 0%. 1888): however, 
wctlon IIIR of these Culdellner 
Includa a brief d d p t i o n  of the 
rpadflc ty$m of exporum information 
that b mfd for urdaogan risk 
areaument plrully. In aection m.C on 
rirk chancteriration. there 8 
d e d p l l o n  of the manner In which Ark 
wtimates rhould be prwaented ao ar to 
be mort Informative. 

u l d a t i o a  of quantitative ustimatea of 
cancer Ark doer not rsqulrc that an 
agent be cardnagenic In humanr. The 
likelihood that an agent Ira human 
mucmogen Ir II function of the welght of 
evidencs, ar thir har bean dercrlbed In 
the hazard Identification Mction of there 
Guldellner It b nwmthelber lmportmnt 
to present quantitative m t . h t m  
appropriately qualified and interpreted. 
In those dnamutancee In which them la 
a r e r m b l e  poeribllity, b a d  a 
human and unlmal data, that the agent 
Ir cardnogaic In human#. 

It should be wnphrrirtd In wery 
quantitative risk estimation that the 
mdta am uncsrtaih Uncertalntiea due 
to mperimsntal and epidemlologlc 
vulablllty a0 well as uncertainty In the 
exporum rueument can be tmportant. 
Them are major ~martaintiar in 
extrapolathq3 both born anlm8lr to 
humans and hrrm hl& (0 low doses. 
There am Important apeciea dinarenam 
In uptake. metrbollrm. and O ~ M  
dlrtrlbution of carcinogsnr aa well aa 
rpecla and ~ t m h  differences In tagst- 
rlte ruaceptibillty. Human populationr 
~ J W  varlable wtth mspect to genetlc 
conrtitutloa diet occupational and 
home environment. actlvlty pattonu 
m d  other cultural facton. Rid 
eathates rhould be pmaented together 
with the asoodated hazard auarsment 
(aectjon ULm.) to m u m  that therm ia 
an rpptedation of the might of 
evidence for c a d r q m i d t y  that 
pndsrues the quantitative rlsk atlnutea. 
A Doae-lhponse A.rsument 

1. salslciios, o f h h .  Aa Indicated In 
aectlon I JD-  @dance ne& to be given 
by the lndlvldualr dolng the qualltativs 
a-t (toxlcologlrt., pathologirtr 
phumscologirta, etc) to thore d o h  the 
quantitrUvs aammnent ar to the 
approplate data to be wdd In the dore- 
rerponre aueument Thl, lr detsnnlnad 
by the qlslllty of the &Lt Itr relevance 
to human modem d sxponus, and other 
technlcrl d - h  

If avallable, emtimatea baaed on 
adequate human epidemlolaglc d a b  M 
p r s i m r e d  over wtlmsta b a d  on 
anlmd data. If adequate uxpoaum data 
d o t  in a r*slldes@md and well- 
oondactad negative epiddologlc rtudy, 
It m y  ba poealblo to obtala an upper- 

It rhould be empharlted that 

bound srtlmate of rirk from that rtudy. 
Anlmal-bared eathater. U rvallable, 
dm should be pnrented. 

In the abbsnce of appropriate human 
rtudler data from a rpedea that 
mpondr moat Wre humaN ehould be 
uaed if Information to thio effect exirtr. 
Where. for a given agent ~ v e r a l  rtudler 
are available, whlch may Involve 
dlffersnt animal rpecier, rtralne. and 
aexea at revera1 doaee and by different 

approach to selecting the data reta ir 
wed: (1) The tumor Inddence data are 
mparated according to organ rlte and 
tumor type. (2) All blologlcally and 
rtatlrticdy acceptable data mta are 
pnrented. (3) The range of the risk 
estimates Ir preeented with due regard 
to biological relevance (particularly in 
the care of anlmal rtudler) and 
appropriatenear of route of exporwa. (4) 
Deceuw It ir poaulble that human 
~nsltivlty Ir ar high ar the mort 
w ~ l t i v e  rerpondh~ anlmal rpedc., In 
the absence of evldena to the contrary, 
the blologlcally acceptable data net from 
longterm anlmal rtudler rhowtng the 
gr8atest rensltlvity rhould generally be 
given the peatest emphasio. agaIn with 
due regard to biologlml and rtatiatical 
conslderationc 

rpeda from whlch the dose-nspolw 
information Is obtained differs from the 
route ocmdng In environmental 
expure@, the oonrlderatlonr ured In 
maldng the route-to-route extrapolation 
murt be carefully deacrlbed. AU 
arsumptlona rhodd be prwonted along 
with dlacwalon of the Uncertaintlm In 
the uxtmpolation. Whatever prucedm 
Ir adapted In a dven caw, it mwt  be 
conriatent with the drting metabolic 
and pharmacoklnetic information on the 
c h d d  (e.#., a b r p t l o n  effldency via 
the gut and lung, taget  ogan dowr. and 
changea In placental bransport 
throughout gertation for banrplrcsntal 
-=m3-). 

When two or mom rlgnlllccmtly 
elevated tumor ritee or typea am 
observed In the ume rtudy, 
extrapoleticma may be conducted on 

will be made on blologlcal groundr. To 
obtain total estimate o! cardnogalc 
rlrk anLmala with one or mom tumor 
rltes or typea rh- rlgnlficsntly 
elevated tumor lnddsnce rhould be 
pooled and u d  for extrapolation. The 
pooled e r h a t e ,  will gsnemlly be ueed 
In prefemce to rlrk wtlmater b a d  on 

extrapolatlona will generall not be 

tumor rltm withbout rt.tlrtlcrlly 

routw of expoeura, the following 

men the exposum route In the 

MlOded  dtOS 01 m. T)reM 8 0 l d O I U  

dtes  or typea. Quantitative rlak 

done on the barlr of totalr x at lnclude 

0lgnln-t elmati- 

Benign hunom rhould generally be 
combined with malignant tumon for rirk 
ertimater unlesa the bun@ huaon are 
not conaldered to have the potentid to 
prognrr to the a d a t e d  malignancier 
of the -me hirtogenlc origin. The 
conbibutlon of the benign turnorr. 
however. to the total rirk rhould bd 
Indicated. 

filmpolotion Model. Since risks at low 
exporure levels CAIMO~ be measured 
dlrsctly either by anlmal experiments or 
by epldemlologic rtudies, a number of 
mathematical modelr have been 
developed to extrapolate from hi& to 
low dare. Merent extrapolation 
modelr however. may fit the observed 
data m a ~ n a b l y  well but may lead to 
larga differencur In the projected Ask at 

A. war pointed out by oslp (1985: 

No rlngle mthenuHca1 procedure Ir 

2. Choice of Mothematicul 

]OW d080r. 

Rlndple 28). 

ar the numt appropriate for low- 
dorc extrapolation in urdnogsncrir. When 
relevant blologlul svldsncs on mschanirm of 
acUm erl.tr @.e.. phsrmacokinstlu. target 
ogan dose). the modelr or proced?usr 
employed rhould be conrlrtant with the 
widenos. When dah and infomatlon a n  
U m l t d  horvewr. and when much uncertainty 
ellrtr nvgardlry the mschanlrm of 
carclnogenlc action. modalr or procedurar 
which incorporate lmdors linearity cm 
preferred when compatible with the limited 
inlornU!l9lL 

At prewnt mechanismr of the 
urclaogenerir procesr are largely 
unknown and data are generally limited. 
If a cardnogenic agent acts by 
accelerating the rame cardnogenic 
p m i r  that Ieadr lo the background 
occurrence of cancer. the added effect of 
the cardnogen at low dosea ir expected 
to be virtually linear (Crump et 81.. 1978). 
The Agency will review each 

mmrment 81 to the evidence on 
cardnogenesis mechanisms and other 
blologlcal or rtatlstlcal evidence that 
indlceta the rultebllity of a particular 
extrapolation model. Coodneebof-fit to 
the experlmental obaervationr ir not an 
effective meam of dlacrlrnlnating aniong 
modelr (OSTP, 1905). A rationale will be 
Included to juatify the UM of the chosen 
model. In the abaenw of adequate 
Information to the contrary, the 
llnearited multistrge procedure will be 
employed Whm appropriate. the 
multa of u a b  vdoua extrapolation 
modelr may ba ubdful for cornpariron 
with the llnearlted multhtegw 
procsdurs. When longltudlnal data on 
tumor development are avalleble. t h e -  
to-Mor modelr may be 9rad 

It rbould be emphasized that the 
I l n e a W  multfrtap p d u n  leads to 
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I plaurible upper limlt to the rirk that 11 
conrirtent with rome propored 
mechanirms of cardnogenerir. Such an 
ertimate. however, doer not necerrarily 
give a malirtic prediction of the rirk. 
The hue value of the rirk ir unknown, 
and may be am low OB zero. The range of 
risks. defined by the upper limit given 
by the choren model end the lower limit 
which may be em low a# zero. rhould be 
explicitly rtated. An ertablirhed 
procedure does not yet edrt for making 
"mort likely" or "beat" erthater of rink 
within the range of uncertainty defined 
by the upper and lower limit ortimatem. 
If data end proadunr become 
avaih~bie. the Agency will albo provide 
"mort likely" or "bert" tstimatea of rirk. 
This Will be mort fearlble when human 
data are available and when exporursr 
are In tho dome range of the data. 

multirtags pmxdurw cannot be u d  
with the observed data a& for example, 
when the data am nomonotonic or 
flatten out at high doses. Ln theme cam. 
I t  may be ntcbssay to make 
adjustmcnb to achieve lowdome 
linearity. 

When pharmacokinetic or metabolism 
data are availabie, or when other 
rubrtantlal evidence on the mechanlrtlc 
aspectr of the carcinogenesir prwxsr 
exirt.. A lowdore extrapolation model 
other than the linearld muitirtqe 
proadure might be conridered mom 
appropriate on biological p u n d r .  
When A different model Is choren, the 
risk a s ~ ~ r m e n t  rhould dearly dircusr 
the ~ h v s  and weight of evldence that 
led to the choice. Conriderable 
uncertainty will remain concerning 
meponee at low dorm; therefore. in 
mort carer an upper-limit rirk estimate 
using the linearlred multirtage 
proadum should ala0 be pmafited. 
3. Equivalent Exposum Units Amorlg 

Species. b w d o r e  rink emtimatea 
derived from l sbomtq  .nlmal data 
extrapolated to humans AH complicated 
by a variety of factors that differ among 

response to cardng,mr. Included 
among thew factorr M diffmmcer 
btween humanr snd experimental test 
animals r i th  respect to life rpaa  body 
site. genetic variability, population 
homogeneity, edrtence of cdncurrent 
diwjre, phannacoklnetic effectr ruch a r  
metatmlirm and exmtlon pattsnu and 

' f i e  urual approach for making 
in!errpecies comparlmnr har been to 
use r tandardid w~ling factom. 
Commonly employed rtandardlred 
dorage au~ler include mg per kg body 
weight par day, ppm In the &et or water, 
rrq per m* body a d a c e  A~IU per dry. 

h U?fl8h -bo& the heariztd 

and p o t @ d d I y  affect the 

th3 nXpo8WW N!@MfTl. 

and mg per kg body wetght per hfetlme. 
In the abbonce of comparative 
todcological. plrysiologlcal. metabolic 
and phannecoidnetic data for a given 
rwpcct archogan. the Agency taker 
the paltion that the extrapolation on 
the barir of surface area is considered 
to be appropriate because certain 
pharmacological effects wnmody rcah 
according to rurface area (Dedrick. 1873; 
Praireich et 01.. Pinkel, 1958). 

B. Exposure hsersment 
order to obtain 8 qUtSltit8th'U 

ertimate of the risk, the results of the 
dose-nsponse assessment must be 
combined with an estimate of the 
exporums to whlch the populations of 
intereat am likely to be rubject. While 
the reader is referred to the Guidelines 
for Estimating Exposurer (US. EPA, 
1tM) for rpedfic detalls, it lr important 
to convey an appreciatlon of the h p s c t  
of the strengths and weaknesses of 
exposun assessment on the overall 
cancer risk armsment process. 

At preeent there ir no ringle approach 
to exporure areessment that Ir 
apprcpriate for all cases. On a camby- 
case bash, appropriate method8 are 
relected to match the date on hand and 
the level of mophietication mquired. The 
asrumptiom approximntlons. and 
uncertaintier need to be clearly stated 
becnuee, h -me hrtancer. these will 
have a major effect on the risk 
errerrmen 1. 

In general, the magnitude, duration. 
and frequency of e x p u r e  provide 
fundamental hfonnatlon for estimating 
the concentration of the cardnogen to 
which the organirm la exposed There 

Information, modeling rerults and f or 
data am generated from monltortn 

reeroned estimater. An appropriate 
treatment of e x p u r e  rhould conrlder 
the potmtlal for exposure vla Irgertlon. 
Inhalation, and dermal penetration from 
relevant a0urcua of exposurer including 
multiple avenuer of intnke from the 

Spedai problem arlse when the 
human expoawe rituation of concern 
ruggtrtr exposure regimens. e. 6 rou tu 
and dosing rchedule, that am 
rubstantially different from those used 
in the relevant animal rtudier. Unlesr 
them Ir evidence to the contray In a 
particular c.80, the cumulative dobe 
recelved over a lifetime. expressed as 
A V C T O ~ O  dally exporure proretd Over a 
Iifetime, Ir rscommended am an 
appropriate mearure of exporure to a 
cardnogsh That in. the srrumption ir 
made that a hlgh dow of a canlnogen 
mcelved met a rhort period of h e  10 
equivalent to a corruspondlng lowdore 

rame mourca 

rpread over a Lifetime. Thls approach 
becomes more problematical a8 the 
exposurer in question become more 
intense but leer frequent especially 
when them 11 evidence that the agent 
has ohown dore-rate effects. 

An attempt rhould be made to areerr 
the level of uncertainty associated with 
the exposure asressment which ir to be 
used in a cancer risk assessment. This 
measure of uncertalnty should be 
included in the risk characterizetion 
(section II1.C.) in order to provide the 
decision-maker with a clear 
understanding of the impact of this 
uncertainty on any final quantitative 
risk estimate. Subpopulatlonr with 
heightened subcept:billty (either becaure 
of exposure or predisposition) should, 
when posslble. be identified. 

C Risk Characterttation 
Rirk characterization ir composed of 

two parts. One i s  a presentation of the 
numerical estimates of risk the other lr 
a framework to help juJge the 
slgnificisnce of the risk. Risk 
charecteritetlon includes the exporum 
assessment and dose-responra 
assessment; these are used in the 
estimation of carcinogenic risk. It may 
also consirt of a unit-risk estimate 
which can be combined elsewhere with 
the exporum assessment for the 
purposes of est imatb cancar risk. 

Hazard identlficatlon and dose- 
responre assessment am covered In 
sectionr Il and IIlA., and a detalied 
discussion of exposure assessment ir 
contained in EPAr Guidelines for 
Estimating Exposurer (US EPA. I-). 
This m i o n  dealr wlth the numerical 
risk estimates and the approach to 
rummarizlng risk characterlzatlon. 

I. Options for ;Ifumen'al Risk 
EBtimutes. Depending on the needs of 
the Individual program offlcem. 
numerical ertimatur can be presented In 
one or more of the following three ways. 

a. Unit Risk-Under an alrrumption of 
lowdose Iinearity, the unit cancer rirk Is 
the excess lifetime risk due to a 
continuous constant lifetime exposure of 
one unit of carcinogen concentration. 
Typical exposure unlts include ppm or 
ppb in food or water, m /!$/day by * 

ingestion or ppm or pJm* in air. 
b. Dose Corresponding to a Clven 

useful. particularly when using 
nonlinear extrapolatlon modelo where 
the unit risk would differ at diffemn: 
dose levels. 
c. Individual and Population Risk- 

Rlrks may be characterized either in 
term, of the axcons lndivldual llfetlmr 
risks, the excerr number of cancera 

bVel Of &Jk--Thi8 8ppIW8ch can be 
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produced per year In the expotlcd 
population, or both. 

degree of precision and accurucy in the 
numericul risk estimates currcntly do 
not permit more then one significant 
figure to be presented. 

2. Concurrent Exposure. In ' 

characterizing the risk due to concurrent 
exposure to several carcinogens, the 
risks are combined on the basis of . j 
additivity unless there is specific I ; 
information to ttie contrary. Interactions '. 
of cocarcinogens, promoters, ond 

' lnltletors with known carcinogen& 4 ' .': 
should be considered on a case-by-case 

. basis. 
3. Summary of Risk Characterization. 

Whichever method of preeentutic~,n is 
chosen, i t  is critical that the numerical 
estimates not be allowed to stand alone, 
separated from the various assumptions 
end uncertainties upon which they ore 
based. The risk characterization should 
contain a discussion and interpretation 
of the numerical estimates that uffords 
the risk manager some insight into tho 
degree to which the quantitutive 
estimates are likely to reflect the true 
magnitude of human risk, which, ' ' 

generally cannot be known with the. : 
reflcctctl in the numerical estimated; The 
final risk estimate will be gencrally 
rounded to one significant figure and 
will be coupled with the EPA 
clasvification of the quulitative weight of 
evidence. For example. a lifetime 
individual risk of 2x10- resulting from 
exposure to a "probable human 
carcinogen" (Group B2) should be 
designuted as: 2xlO-' I&!]. This 
bracketed designation of the qualitative 
weigh! of evidence should be included 
with ell numerical risk estimates (i.e., 
unit risks. which are risks at a specified 
conccntrution or concentretione 
corresponding .to a given risk). Agency 
stalemente. such a s  Federal Register 
notices. briefings, and action 
memoranda. frequently include ' '  : '  

numerical estimates of carcinogenic Ask. 
I t  is recommended that whenever these 
numerical estimates are used, the 
qualita l ive weight-of-evidence 
classification should also be included; 

The section on risk characterization 
should summarize the hazard 
identification, dose-response 
assessment, exposure essessment. and 
the public health risk estimotee. Mujor 
assumptions, scientific judgments, and, 
to the extent possible. estimates of the 
uncertainties embodied In the 
assessment are presented. ' 

Irrespective of the options chosen, the 

degree of quantitative accuracy . .  

.. 

IV. EPA Ciassi/icotion sy s t  
Categorizing Weight of E 
Carcinogenicity From Hu 
AI1 in1 a I St d i e s  (A dopte 

for Carcinogenicity From Studies in 
Humans 

Evidence of carcinoge 
human studies comes fr 
sources: . 

5. No evidence, whi A* Assessment ofWei8ht of Evidence no a s s o c ~ a ~ ~ o n  was fo ' 

increosed risk of cancer.. 

1. There is no identified bias that 

due to chunce. 

may be indicative of a cause-effect: 
relationship, confidence in inferring a 
cuusel associution is increased when 
several independent studies are 

In general, althoug 
carcinogenic effect but ' '  

' because: (a) the 
. 

concordant in showing the aseoclati 
when the association is strong, whe 
there is a dose-response relationshi 
when a reduction in exposure is 
followed by a reduction in the incid 
of cancer. 

, 

1. Sufficient evidence of 

there ia a causal relatiofiship betw 
the agent and human cancer. 

2. Limited evidence of carcinogenicity; ' . . 

adequately beexcluded. . I . : 

3. Inadequate evidence, which. . I .  . I 

prevailed: (e) there were few pe 
data, or (bl the available etudie 
showing evidence of associatio 
exclude chance, bias, Or conro 

. , , .  . *  , 
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suffident 
Limited .................................................... 
lnadequae .......................................... 
No dnta ................................................. 

............................................... 

and well-anducted animal rtudler in 
dlfferent rpecier. 

evidence'' and "limited evidence" refer 
only to the weight of the experkental 
evidence that them agents are 
carcinogenic and not to the potency of 
their cardnogenic action. 
C. Categorization of Overall Weight of 
Evidence for Human Carcinogenicity 

of the weight of evidence of 
carcinogenicity of a chemical for 
humans uses a three-rtep process. (1) 
The weight of evidence in human 
studies or animal studies is summarlred; 
(2) these liner of lnfonnation are 

The classlncntions "rufficlent 

The overall rcheme for categorization 

A A A A A 
81 81 01 01 81 
82 C D D D 
82 C D D E 

combined to yield a tentative 
assignment to a category (see Table 1); 
and (3) all relevant supportive 
Wornation Is evaluated to see if the 
designation of the overall welght of 
evidence needs to be modified. Relevant 
factors to be included along with the 
tumor lnfonnatlon from human and 
animal otudies include stnrcture-acttvity 
relatlonshlps: short-term test findings; 
results of appropriate physiological, 
biochemical, and toxicological 
observatlons: and comparative 
metabolism and pharmacokinetic 
studies. The nahm of these findings 
may cause one to adjust the overall 
categorization of the weight of evidence. 

TABLE 1 .-klUSlRATWE ~TEooAlZAflON OF EVIDENCE BASED ON ANIMAL 
AND HUMAN DATA * 
I Anmd- 

The agents are categorized into five 
groupr ar followr: 

C.vup A-Human Carcinogen 
This group ir used only when there ir 

sufficient evidence from epidemiologic 
studicr to rupport a caural association 
between exporure to the agents and 
cancer. 

Cmup &Probable Human Carcinogen 
This group includer agents for whlch 

the weight of evidence of human 
carcinogenicity bared on epldemlologlc 
studies is "limited" and also includes 
agents for whlch the weight of evidence 
of carcinogenicity bared on animal 
studies ir "sufficient" The group is 
divided into two rubgroupe. Usually. 
Croup B1 is rererved for agenta for 
which there ir limited evidence of 
carcinogenldty from epidemlologlc 
studles. lt Ir reawnable, for practical 
purpoeer. to regard an agent for whlch 
them ir "Mident" svldencs of 
carcinogenicity ln anlmsls ar tf It 

presented a carcinogenlc risk to humans. 
Therefore, agents for which there i s  
"rufncient" evldence from animal 
rtudlee and for whi.41 them 1s 
"inadequate evidence" or "no data" 
from epidemiologic rtudiee would 
usually be categorized under Croup B2. 
Cmup GPossible Human Caminogen 

This group ir used for agents with 
limited evidence of carcinogenicity In 
animals in the absence of human data. It 
includes n wide variety of evidence, e.#.. 
(a) a malignant tumor response in a 
slngls wellconducted experiment that 
doer not meet conditions for rd€iderlt 
evidence, (b) tumor responses of 
marginal rtatlstical signlflcance in 
rtudler h a m  inadequate derign or 
reporting. [c) b d g n  but not mallgnant 
hunorm with an agent rhowing no 
reeponre in a varlety of short-term testa 
for mutagenldty, and (d) msponoer of 
marginal rtatlstical significance in a 
tlseus hown to have a hl& or variable 
background rate. 

Cmup &Not CIassi/ioble as tu Human 
Carcinogenicity 
This group 1s generally used for agentr 

with inadequate human and animal 
evidence nf carcinogenicity or for which 
no d9ta are available. 

Croup €--Evidence of Non- 
Caminqenicity for Iiwnans 

"his group is used for agents that 
show no evidence for carcmogenicity In 
at least two adequate animal tests in 
different species or in both adequate 
epldemiologic and animal studies. 

The designation of an agent as being 
ha Group E is based on the available 
evidence and should not be interpreted 
as a definitive concluslon that the agent 
will not be a carcinogen under any 
clrcums tancee. 
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Put B: Response to Public rad 8dsncs 
Advisory B c d  Cornmeat. 
I. In tmduction 

issues raised during both the public 
comment period on the Proposed 
Guidelines for Carcinogen Risk 
Aseessment published on November 23, 
1981 (49 FR reZer). and also during the 
April 22-23, l a ,  meeting of the 
Carcinogen Rlsk Aeseesment Guidelines 
Panel of the Science Advisory Board 
( S W .  

In order to respond to these issues the 
Agency modified the proposed 
guidelines in two stages. F h t .  changes 
resulting from consideration of the 
public comments were made in a draft 
ecnt to the SAB review panel prior to 
their April meeting. Secondly, the 
guidelines were further modified in 
m s p o ~ e  to the panel's 
recommenda tlons. 

The Agency wcelved 82 sets of 
comments durlng the public comment 
period IncludLng 28 from corporatlons, 9 
from profeselonal or trade associations. 
and 4 from academic institutions. In 
general, the commentr were favorable. 
The cgmmentom welcomed the update 
of the 1WO guidelines and felt that the 
proposed guidelines of 1985 reflected 
some of the progress that har occurred 
in undemtaniiing the mechanisms of 
cercinogenesle. Many commentom. 
however, felt that additional changes 
w e n  warranted. 

guldelinee am "reasonably complete in 
their conceptual framework and am 
sound in their overall interpretation of 
the rdentlfic Issues" (Report by the SAB 
Carcinogeniclty Culdelines Review 
Group, lune 18,1885). The SAB 
ruggested various edltorial changer and 
ralsed rome issues regarding the content 

This section summarizes the major 

The SAB concluded that the 

of the proposed guidelines. which are 
dlecussed below. Bared on these 
recommendatlonr, the Agency has 
modified the draft guldeliiier. 
II. Office of Science and Technology 
Policy Report on Chemical Caminogenr 

Many commentom requerted tha\ the 
final guidelines not be lrsued until after 
publication of the report of the Office of 
Technology and Science Policy [OSTPI 
on chemical carcinogens. They fur thrr  
requested that this report be 
incorporated into the final Guidelines 
for Carcinogen Risk Aseessment. 
The h a 1  OSTP report was published 

in 1985 (50 10372). h 118 
dellberationo, the Agency reviewed the 
final OSTP report and feelo that the 
Agency's guidelines are consistent with 
the prInclples established by the OSTP. 
In its review, the SAB agreed that the 
Agency quidelines are generally 
consistent with the OSTP report. To 
emphasize this consistency, the OSTP 
principles have been incorporated into 
the guidelines when controversial issues 
are discussed. 
III. Inference Guidelines 

Many commentom felt thnt the 
proposed guidelines did not provide a 
sufficient distinction between scientific 
fact and policy decisions. Others felt 
that EPA should not attempt to propose 
linn guidellnes In the absence of 
scientific consensus. The SA9 report 
also indicated the need to "distinguish 
recommendations based on scientific 
evldence from those based on science 
policy decisioce." 

The Agency a p e s  with b e  
recommendation that policy. 
judgmental, or Inferential decisions 
should be clearly identified. In its 
revision of the proposed guidelines. the 
Agency has included phrades (e.&. "the 
Agency takes the position that") to more 
clearly distinguieh policy decisions. 

The Agency also recognizes the need 
to establish procedures for action on 
important issues in the absence of 
complete scientific knowledge or 
consenrus. This need was 
acknowleaed in both the National 
Academy of Sciences book entitled Risk 
Management in the Fedeml 
Covemmenl: Manqginq lhe h c e s s  and 
the OSTP report on chemical 
carcinogens. As the NAS report stales, 
"Risk assessment lr an analytlc process 
that is firmly bamd on scientific 
considerations, but I t  also requires 
Judgments to be made when the 
available Information Is incomplete. 
These Judgments Inevitably draw on 
both rclentific and policy 
conelderations." 
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The judgmentr of the Agency have 
been b a d  on current available 
rcientlfic lnformatlon and on the 
combined experience of Agency expsrta. 
These judgments, and the resulting 
guidance, rely on infennca: however, 
the positions !aken in these inference 
guideliner are felt to be reasonable and 
scientifically defensible. While all of the 
guidance is. to some degree, based on 
inference the guldeliner have attempted 
to distinguish those issuer that 
deoended more on judgment In these 
cases, the Agency has stated a position 
but her also retained flexibility to 
accommodate new data or speclfic 
circumstances that demonstrate that the 
propoeed peltion is haaxrate. The 
Agency recognizes that scientific 
opinion will be divided on these issues. 

Knowledge about cardnogem and 
carcinogenesis ir pmgmss@ at a rapld 
rate. W e  these guidelines are 
considered a best effort at the present 
time, the Agency her attempted to 
incorporate flexibility into the current 
guidelines and also recommends that 
the guideliner be revired 80 often as 
warranted by advances In the field. 
IV. Evaluation of Benign lbmom 

Several commenton dlscusbed the 
appropriate interpretation of an 
lnaeased incidence of be* tumon 
alone or with M haeared inddence of 
malignant tumon as part of the 
evaluatlon of the carcinagenlcity of an 
agent. Some comments were rupportive 
of the posltion ln the pmpored 
guidelines, [.e, under certain 
circumstancer, the inddence of be- 
and malignant tumon would be 
comblned. and an increased inddence 
of benign tumon done would be 
considered an Indication, albeit LLmlted, 
of uvclnogenlc potential. Other 
commenton raised concemo about the 
crlteria that would be used to decide 
which hunon should be combined Only 
a few commenton felt that benign 
tumors should never be considered in 
evaluating carcinogenic potential. 

The Agency believer that currant 
information supportr the use of benign 
tumom. The guideliner have !mn 
modified to incorporate the lamwe of 
the OSTP report, 1.0, benign tum0.u will 
be combined with malignant W o n  
when scientifically defenrible. Thir 
position allows flexibtllty In evaluating 
the dnta bare for each .gent. The 
guldellner have slro been modifled to 
indicate that whenever benign and 
mallgnnnt tumors have been comblned 
and the agent Is considered a candidate 
for quantitative rlsk extraplation, the 
contribution of benign tumon to the 
ertimatlon of rlrk will be Indicated. 

V. lhnsplaoental and 
Multigenemtional Animal Bioaaoays 

As one of its two propoealr for 
additions to the guidelinm the SAB 
recommended a discussion of 
transplacental and multigenerational 
anlmal bioassays for carcinogenlclty. 

The Agency a p e s  that such dale, 
when available, can provide useful 
Information in the evaluation of a 
chemlcal'r potential carcinogenldty and 
has rtated thls in the final guldelines. 
The Agency has also revised the 
guidelines to Indicate thai such studies 
may provide additional Information on 
the metabolic and pharmacokinetic 
properties of the chemical. More 
guldanw on the specific use of these 
studlee will be considered in htum 
revisi~nr of these guldelines. 
VI. Maximum ToIemted Dose 

implications of using a maximum 
tolerated dose 0) in bloassaye for 
cardnogenldty. Many commentom 
requested that EPA define MTD. The 
tone of the comments suggested that the 
commentom were concerned about the 
uses and interpretat!ons of highdose 
tertlng. 

controversy currently surrounds these 
issues. The appropriate text from the 
OSTP report has been incorporated into 
*e finel guidelines which suggests that 
the comquences of highdose testing be 
evaluated on a case-by-case basis. 
V.I. Mouue Liver lbmom 

A large number of commenton 
expresscd 0 p l n l 0 ~  about the 
assessment of bioassays in which the 
only increase in tumor incidence was 
liver tumors in the moue. Many felt that 
mouse liver tumorr were afforded too 
much credence, espedally given exlstlng 
Information that indicater that they 
u@t &re by a Merent mechanum, 
0.8.. tierue damage followed by 
regeneration. Others felt that mouse 
liver tumors wem but one case of a high 
background incidence of one articular 

rhould be treated in the same fashion. 
The Agency b-0 reviewed these 

commenta and the O m  principle 
regarding thls Issue. The o m  report 
does not reach conclusionr ar to the 
treatment of tumon with a high 
rpontaneour backpund rate, but 
rtater. ar is now included Ln the text of 
the guidellner, that these date require 
rpednl conrideretion. Although 
quertlonr have been raised r e g d i n g  
the validlty of moure liver tumon in 

oral, the Agency feelr that mouse &" ver tumon cannot be Ignored as an 

The p r o p o d  guidelines discussed the 

The Agency recognizes that 

type of tumor and that all ru 2 tumors 
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indicator of cal.daogedcity. Thus, the 
position in the proposed guidelines har 
not been changed: an increased 
Incidence of only mouse llver tumors 
will be regarded as "sufficient" evidence 
of carcinogenicity if all other criteria, 
e+, replication and mallgnancy, are met 
with the untieretanding that this 
claesificetion could be changed to 
"limited' if warranted. The facton Fat 
may cause this re-evaluation are 
indicated in the guidelines. 
VIII. Weightsf-Evidence Categories 

The Agency was praised by both the 
public and the SAB for incorporating a 
weight-of-evidence scheme into its 
evaluation of carcinogenic riek Certain 
specific aspects of the scheme, however, 
were criticized. 

1. Several commentom noted that 
while the text of the propoeed guidelines 
clearly etetes that EPA will use all 
available data In Ita c a t q o h t i o n  of 
the weight of the evidence that a 
chemical is a carcinogen, the 
claeeifhtion system in Part A, section 
IV dld not indicate the manner in whlch 
EPA will use information other than 
data from humans and long-term animal 
studies in assign@ a welghtof- 
evidence classification. 

The Agency has added a discussion to 
Part A, section W.C. deallng with the 
characterization of overall evidence for 
human cardnogcnldty. "his dlecwdon 
clarifies EPA's use of supportlve 
information to adjuet as warranted, the 
dentgnation that would have been mRde 
solely on the basis of human and long- 
term animal studies. 
2. The Agency q m e s  with the SAB 

and those commentom who felt that a 
simple classification of the weight of 
evidence, e.g., a single letter or even a 
descriptive title, is inadequate to 
describe fully the weight of evidence for 
each individual chemical. The final 
guideher propose that a paragraph 
summarizing the data should 
accompany the numerical eetimate and 
welght-of-evldence classification 
whenever possible. 

descriptive tide E (No Evidence of 
Carcinogenicity for Humans) becauee 
they felt the Ulle would be confusing to 
people inexperienced with the 
classification system. The title for Group 
I% No Evidence of Cardnogenidty for 
Human#, war thought by these 
commentom to ruggest the absence of 
data. Thls group, however, 1s Intended 
to be rererved for agents for which there 
exirts credible data demonstrating that 
the agent le not cardnogenlc 
Based on these comments and further 

discursioa the Agency has & w e d  the 

. 

3. Several commentom objected to the 
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tide of Croup E to "Evidence of Non- 
Carcinogenicity for Humans.'' 

4. Several commentom felt that the 
tide for Croup C Poesible Human 
Carcinogen, was not suffciently 
dietinctive from Croup B. Probable 
Human Carcinogen. Other commentom 
felt that thoee agents that minimally 
qualified for Group C would lack 
sufficient data for such a label. 

The Agency recognizes that Group C 
coven a range of chemicale and has 
considered whether to subdivide Croup 
C. The coneensus of the Agency's 
Carcinogen Riek Assessment 
Commlttee, however, is that the current 
groups, which are based on the IARC 
categoriee. are a reasonable 
stratiflcation and should be retained at 
present. The structure of the groups will 
be reconsidered when the guidelines are 
reviewed in the f'uture. The Agency also 
feels that the deecriptive title it 
originally eelected beet conveys the 
meaning of the claesification within the 
context of EPA's past and current 
activi ties. 

5. Some commentore indicated a 
concern about the dietinction between 
B1 and B2 on the basis of epidemiologic 
evidence only. "hie ieeue has been 
under discussion in the Agency and may 
be revieed in future versions of the 
guidelinee. 

e. Comments were aleo received about 
the poesibility of keeping the groups for 
animal and human data separate 
without reaching a combined 
claeeification. The Agency feels that a 
combined claseification Is ueeful; thus. 
the combined clasdflcetion was 
retained in the final guidelines. 

The SAB euggeeted that a table be 
added to Part A, section IV to indicate 
the manner in which human and animal 
data would be combined to obtaln an 
overall weightsf-evidence category. The 
Agency realizes that a table that would 
preeent all permutations of potentially 
available data would be complex and 
poseibly impossible to conetruct since 
numerous combinations of ancillary 
data (e.g., genetic toxicity, 
pharmacokinetics) could be used to 
raise or lower the weightsf-evidence 
classification. Nevertheless, the Agency 
decided to include a table to illustrate 
the most probable welght-ofevidence 
classification that would be assigned on 
the basis of standard animal and human 
d a h  without consideration of the 
ancillary data. While it is hoped that 
this table will clarify the weight-of- 
evidence classifications, it is aleo 
important to recognize that an agent 
may be assigned to a final 
categorization different from the 
category which would appear 
appropriate from the table and still 
conform to the guidelines. 

Ix. Quantitative fitimates of Risk 

of carcinogenic risk in the proposed 
guidelines received substantial 
comments h m  the public. Flve issues 
were discussed by the Agency and have 
resulted in modifications of the 
guidelines. 

I. The major criticiem was the 
perception that EPA would use only one 
method for the extrapolation of 
carcinogenic riek and would. therefore, 
obtain one estimate of riek. Even 
commentom who concur with the 
procedure usually followed by EPA felt 
that some indication of the uncertainty 
of the risk estimate ehould be included 
with the risk estimate. 

The Agency feels the t the proposed 
guidelines were not intended to euggest 
that EPA would perform quantitative 
risk estimates in a rote or mechanical 
fashion. As indicated by the OSTP 
report and paraphrased in the pro- wed 
guidelinee, no eingle mathematical 
procedure hae been determined to be 
the moet appropriate method for risk 
extrapolation. The final guideline8 quote 
rather than paraphrase the OSTP 
principle. The guidelinee have been 
revised to strese the importance of 
coneidering all available data in the risk 
aseesement and now etate, 'The Agency 
will review each aeeeeement as to the 
evidence on carcinogenic mechanisms 
and other blological or statistlcal 
evidence that indicatee the suitability of 
a particular extrapolation model." Two 
ieeues are emphaeized First, the text 
now Indicates the potential for 
pharmacokinetic information to 
contribute to the asseeement of 
carcinogenic riek. Second, the final 
guidelines etate that time-to-tumor riek 
extrapolation models may be used when 
longitudinal data on tumor development 
are available. 

2. A number of commentom noted that 
the proposed guidelines did not indicate 
how the uncertainties of riek 
characterization would be presented. 
The Agency has revised the proposed 
guidelinee to indicate that major 
aseumptions, scientific judgments, and, 
to the extent possible, estimatee of the 
uncertaintiee embodied in the riek 
assessment will be presented along with 
the eetimation of rlek. 

3. The proposed guidelines stated that 
the appropriatenese of quantifying risks 
for chemicale in Group C (Poeeible 
Human Carcinogen), epecifically those 
agents that were on the boundary of 
Croups C and D (Not Claseifiable as to 
Human Carcinogenicity), would be 
Judged on a case-by-case basis. Some 
c o m e a t o n  fell that quantitative risk 
assessment should not be performed on 
any agent in Croup C. 

The method for quantitative eelimater 
Croup C includes a wide range of 

agents, including some for which there 
are positive results in one species in one 
good bioassay. Thus. the Agency feele 
that many agents in Group C will be 
suitable for quantitative riek 
aeeessment, but that judgmente in this 
regard will be made on a case-by-caee 
basis. 

4. A few commentom felt that EPA 
intended to perform quantitative risk 
eetimatee on aggregate tumor incidencca 
While EPA will consider an increasc ;ii 
total aggregate tumors ae euggeetive uf 
potential carcinogenicity, EPA does no1 
generally intend to make quantitative 
estimates of carcinogenic riek based on 
total aggregate tumor incidence. 

eurface area as an interspecies eceling 
factor was criticized by eeveral 
commentom who felt that body weight 
wae eleo appropriate and that both 
methods ehould be ueed. The OSTP 
report recognizee that both ecaling 
factore are in common uee. The Agency 
feele that the choice of the body surface 
area scaling factor can be juetified from 
the data on effec!e of druge in varioue 
epeciee. Thus, EPA will continue to uee 
this scaling factor unleee data on a 
specific agent suggest that a different 
scaling factor ie juetified. The 
uncertainty engendered by choice of 
scaling factor will be included in the 
summary of uncertaintiee aseociated 
with the aeseesment of riek mentioned 
in point 1, above. 

In the second of its two proposale for 
additions to the propoeed guidelines, the 
SAB suggested that a seneitivity 
analyeie be includeti in EPAs 
quantitative eetimate of a chemical's 
Carcinogenic potency. The Agency 
agreee that an analysis of the 
aesumptione and uncertaintiee inherent 
in an assessment of carcinogenic riek 
must be accurately portrayed. Sectione 
of the final guidelinee that deal with this 
issue have been etrengthened tr) reflect 
the colicerne of the S A R  and the 
Agency. In particular, the last paragraph 
of the guidelines etates that "moior 
aseumptione, ecientific judgments, nnd. 
to the extent poeeible, eetimatee of the 
uecertainties embodied in the 
aseeeement" ehould be presented in the 
eummary cjaracterizing the riek. Since 
the assumptions and uncertainties will 
vary for each aseesement, the Agency 
feels that a formal requirement for a 
particular type of seneitivity analysis 
would be lese useful than a case-by-caee 
evaluation of the particular aseumptions 
and uncertainties moet significant for a 
particular risk aseesement. 
IpR Doc 86-18801 Filed +23-80; 8 4 1  am1 
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5. The proposed choice of body 
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ENVIROWYENTAL PROTECTION 
AGENCY 
IFRL-=l 
Oukklbm tor YubguWty RW1 
hammlmt 
A a r m  U.S. Environmental Protection 
Agency (EPA). 
ACTKWC Final C d d e h e e  for 
Mutaprrricity Risk Assessment. 
W y m  n e  U.S. Environmental 
Protection Agency is today issuing five 
guidelinee for assessing the health risks 
of environmental pollutants. 
Guidelines for Carcinogen Risk 

Guidelinee for Estimating Expoeures 
Guidelines for Mutagenicity Risk 

Guidelines for the Health hseesment of 

Guidelines for the Health Risk 

Assessment 

Assessment 

Suspect Developmental Toxicants 

Assessment of Chemical Mixtures 
T)lis notice contains the Guidelines 

for Mutagenicity Risk Assessment: the 
other guidelines appear elsewhere in 
today's FsQral Reglater. 

The Guidelines for Mutagenicity Risk 
haessment (hereafter o'Cuidelinee") are 
Intended to gdde Agency analysis of 
mu!agenidty data in line with the 
pollciee and procedures established in 
the statutes administered by the EPA. 
Theee Guidelines were developed as 
part of an intemffike guidelines 
development program under the 
auspices of the Ofnce of Health and 
Environmental Amessment (OHEA) in 
the Agency's Office of Research and 
Development. They reflect Agency 
consideration of public and Science 
Advisory Board (SAB) comments on the 
Ropoeed Guidelines for Mutagenicity 
Risk Assessment published November 
23,1981 (49 FR 48314). 

This publication completes the first 
round of riek assessment guidelines 
development. These Guidelines will be 
revised. and new guidelines will be 
developed. as appropriate. 
~ p ~ c n v e  DATC The Guldelinee will be 
effective September 24,1988. 
FOCI m m  III#MYATK~ -ACT: 
Dr. Lawrence R. Valcovic Reproductive 
Effects Assessment Group, Office of 
Health and Environmental Assesement 
(RD-689), U.S. Enhnmental  Protection 
Agency, 4Ol M Street. SW.. Washington. 
DC 20480,202-382-7303. 
HIPPumwTMv mFommAnoR In 1883, 
the National Academy of Sciences 
(NAS) published its book entitled Risk 
Assessment in the Fedeml Gwen?menl: 
Manu@* the h e m .  In that book the 
NAS recommended that Federal 
regulatory agencler establlsh "inference 
guideliner" to ensum conrirtency end 2 

technical quality in riek assessments 
and to ensure that the riek assessment 
process was maintained as a scientific 
effc: t separate from risk management. A 
task force withln EPA accepted that 
recommendation and requested that 
Agency scientists begin to develop such 
guidelines. 
ceneral 

products of a two-year Agencywlde 
effort. which has included many 
scientists from the larger ecienttflc 
community. Theee guidelines set forth 
principles and pfocedures to guide EPA 
scientiets in the conduct of Agency risk 
assessments, and to inform Agency 
decision makers and the public about 
these proceduree. In particular, the 
guidelinee emphasize that risk 
aweesment~ will be conducted on a 
case-by-case bade, giving full 
consideration to all relevant scientific 
Information. This c a e e b y a s e  approach 
means that Agency experts review the 
scientific Information on each agent and 
use the moet scientifically appropriate 
interpretation to aseess riek. The 
guldelines also etress that this 
information will be fully presented in 
Agency risk assesement documents. and 
that Agency scientists will identify the 
strengths and weaknesses of each 
aeseeement by describing uncertainties, 
aesumptions, and limltations, as  well as 
the scientiflc basis and rationale for 
each assesement. 

Finally, the guldelines are formulated 
in part to brldp gaps in risk aseeeement 
methodology and data. By identifying 
theee gaps and the importance of the 
missing Information to the riek 
assessment procese. EPA wiehee to 
encourage research and analysis that 
will lead to new risk sssessment 
methods and data. 
Guidellner for Mubgeddty Rbk 
h-mt 

Work on the Guidelines for 
Mutagenicity Risk Assessment began in 
January 1984. Draft guidelines were 
developed by Agency work groups 
composed of expert ecientiets from 
throughout the Agency. The drafts were 
peer-reviewed by expert scientists in the 
field of genetic toxicology from 
rmivemities. environmental groups, 
industry, labor, and other governmental 
agencies. They were then proposed for 
public comment In the F e d e d  Rogbter 
(40 FR 48314). On November 9,lB(u, the 
Administrator directed that Agency 
offices use the proposed guidelines in 
performing risk assessments until flnal 
guidelines become available. 

After the close of the public comment 
p e d d  Agency rtaff prepared 
summaries of the comments, analyres of 

The guidelines publiehed today are 

the major ieeues preeented by the 
commentom, and ywliminary Agency 
reeponeee to those comments. Theee 
analyses were presented to review 
panels of the SAB on March 4 and April 
22-23, lW, and to the Executive 
Committee of the SAB on April 25-26. 
1985. The SAB meetings were 
announced in the Federal Rbgister as 
follows: February 12,1885 (50 FR Sell) 
and April 4,1985 (50 FR 13420 and 
134Zl). 

In a letter to the Adminiettator dated 
June 18,1885, the Executive Committee 
generally concurred on all five of the 
gddelines, but recommended certain 
revisions, and requeeted that any 
revised guidelines be eubmitted to the 
appropriate SAB review panel chairman 
for review and concurrence on behalf of 
the Executlve Committee. Ae described 
in the reeponeee to commento (eee Part 
B Responee to the Public and Science 
Advisory Board Commente), each 
guidelines document was revised. where 
appropriate, coneistent with the SAB 
recommendations, and revieed draft 
guidelines were submitted to the panel 
chairmen. Revised draft Guidelines for 
Mutagenicity Risk Aeeessment were 
concurred on in a letter dated 
September 24,1985. Copies of the lettere 
are available at the Public Information 
Reference Unit, EPA Headquarters 
Library, as indicated elsewhere in this 
notice. 

Part A contains the Cuidelinee and Part 
E, the Reeponee to the Public and 
Science Advieory Board Commente (a 
summary of the major public commentn, 
SAB commente, and Agency reeponees 
to those comments). 

The Agency is continuing to etudy the 
risk aeeeesment lesuee raieed in the 
guidellnee and will reviee theee 
Guidelinee in line with new Information 
as appropriate. 

References, supporting documents, 
and comments received on the propoeed 
gddelines, as well ne copies of the final 
guidelines, are available for inspection 
and copying at the Public Information 
Reference Unit (ZO2-382-6920). EPA 
Headquarters Library, 101 M Street, SW, 
Washington. DC. between the hours of 
800 a.m. and 4:3O p.m. 

1 certlfy that these Guidelines are not 
major d e s  as defined by Executive 
Order 122w, because they are 
nonbinding policy statements and have 
no dlrect effect on the regulated 
community. Therefore, they will have no 
effect on costs or prices, and they will 
have no other significant adverse effects 
on the economy. These Guidelines were 
reviewed by the Office of Management 

i 
i 
i 
I 

! 
I 

Following this Preamble are two parte: 

so74999 001qaq(22-seP-~17.~:57) 



- I  Federal Reglster / Vol. 51, No. 185 / Wednesday, September 24, 1888 / Notices 
- I  --- 

and Budget under Executive Order 
1ZZQl. 

hM.Thomu. 
A dministmmbr. 
c o m  
Put A: CddrllHl f a  M u ~ g a d d t y  Rwr 
Asoewmmt 
1. lnlroduction 

Dated: Aqua1 22.1888. 

A. Concsptr Relaliq to Herltable 

B. Tart Syrlemr 
Mutagenic Risk 

11. Qualitotive -merit (Hazard 
Identifim lion) 

A. Muteganlc Actlvlty 
8. Chemical Interactlorn Ln the 

Mammalian Gonad 
C Weightof-Evtdence Determination 

111. Quantitative h8o.wtnent 
A. Dose Responsa 
B. Exposure Assessment 
C Risk Characterization 

Iv. Refenmaw 
Par( B: R e r p o ~ r e  to Publlc .ad &lmw 
Ad- Boud coauneab 

Pad A: GuIdeliwa for Mutqeddty Rbk 
Auerpwnt 
I .  lntnoduction 

that the U.S. Environmental Protection 
Agency will follow in evaluating the 
potectial genetic risk aesociated with 
human exposure to chemlcale. The 
central purpose of the health risk 
assessment is to provide a judgment 
concernin8 the weight of evidence that 
an agent le a potential human mutagen, 
capable of Iriducing transmitted genetic 
changer and, if so, to provide a 
judgment on how great an impact this 
agent is likely to have on public health. 
Regulatory decidon making involves 
two components: riek assessment and 
risk management. Risk aseessment 
eetimater the potential adverse health 
consequences of exposure to toxic 
chemicals: riek management combines 
the risk assessment with the directives 
of the enabling regulatory legislation- 
together with eodoeconomlr, technical. 
political, and other consideratiom-to 
reach a decision as to whether or how 
much to control future exposure to the 
chemicals. The isme of risk 
management will not be dealt with in 
these Guldelines. 
Risk asreesment is comprleed of the 

following componenb: hazard 
identiflcation. dose-respanso 
arserement, exposure arwssment, and 
risk charactorlzation (1). Hazard 
Identification ir the qualitative risk 
aesersment, dealfng with the Inherent 
toxldty of a chemical subtana.  The 
qualitative mutagenidty asaesrmcnt 

This section describes the procedures 

answem the question of how likely an 
agent le to be a human mutagen. The 
three remaining components comprise 
quantitative risk assesement whlch 
provides a numerical estimate of the 
public health consequences of exposure 
to an agent. The quantitative 
mutagenicity riek aeseaement deals with 
the question of how much mutational 
damage is likely to be produced by 
expoeure to a given agent under 
particular exposure scenarios. 

In a dose-reeponee aesessment, the 
relationship between the dose of a 
chemical and the probability of 
induction of an adverse effect is defined 
The component generally entails an 
extrapolation from the high doses 
administered to experimental animals or 
r.oted in some epidemiologic etudies to 
the low exposure levels expected from 
human contact with the chemical in the 
environment. 

The expoeure assessment identifies 
populations exposed to toxic chemicals, 
describes their composition and size, 
and presenta the types, magnitudes, 
frequencies, a2d duration8 of exposure 
to the chemicals. This component is 
developed independently of the other 
components of the mutagenicity 
aeeessment and Is addressed in separate 
Agency guidelines (2). 

In riek characterization, the outputs of 
the exposure aeeesement and the dose- 
responee assesement are combined to 
estimate quantitatively the mutation 
risk which is exprestwd as  either 
estimated increase of genetic disease 
per generation or per lifetime, or the 
fractional increase in the assumed 
baclypound mutation rate of humens. La 
each step of the assessment, the 
strengths and weaknesses of the major 
assumptions need to be presented, and 
the nature and magnitude of 
uncertalnties need to be characterlted. 

The procedures eet forth in these 
Guidelines will e n s m  consistency in 
the Agency's scientific risk assessmento 
for mutagenic cffects. The necessity for 
a consistent approach to the evaluation 

substances arises from the authority 
conferred upon the -cy by a number 
of statutes to regulate potential 
mutagens. As appropriate, these 
Guidelines will apply to statutes 
administered by the Agency, including 
the Federal Insectidde. P-cide. and 
Rodenticide Act; the Toxic Substances 
Control Act; the Clean Air Act; the 
Federal Water Pollution Control Act; the 
%le Drlnklng Water Act; the Rerource 
Conservation and Recovery Act; and the 
Comprehensive Environmental 
Response, Cornpeneatton. and lablllty 
Act. Because each statute is 
admlnlstered by aepnrate ofllwe, a 

'mutagenic risk from chemical 

consistent Agency-wide approach for 
perfonnlng risk assessmente is 
deslrable. 

The mutagenicity risk aesessmente 
prepared pursuant to theee Cuideluies 
will be utilized with the requireriiente 
and constraint8 of the applicable 
statutes to arrive at regulatory deci'eions 
concerning mutagenicity. The standards 
of the applicable etatutee and 
regulations may dictate that additional 
conalderaHone (e.g., the economic and 
social benefit8 aeeociated with uee of 
the chemical subetance) will come into 
play in reaching appropriate regulatory 
dedslons. 

The Agency has not attempted to 
provide in the Guidelinee a detailpd 
discuseion of the mechanieme of 
mutagenicity or of the varioue teet 
syetems that are currently in use to 
detect mutagenic potential. Background 
information on mutageneeie and 
mutagenicity test systems is available in 
"Identifying and Estimating the Genetic 
impact of Chemical Mutagens", National 
Academy of Sciences (NAS) Committee 
on Chemical Environmental Mutagen8 
(3). as well as in other recent 
publications (4,5). 

associated with both germ-cell 
mutations and somatic-cell mutations. 
Mutations carried in g e m  celle may be 
Merited by future generations and may 
contribute to genetic disease, whereas 
mutations occurring in somatic cells 
may be Implicated In the etiology of 
several disease states, including cancer. 
These Guidelines, however, are only 
concerned with genetic damage as it 
relates to germ-coll mutatione. The uae 
of mutagenicity teet results in the 
assesement of cardnogenic riek is 
described In the Culdehee for 
Carcinogen Riek Asseeement (6). 

As a result of the progreae in the 
control of infectious dieeases, increaeee 
in average human life span, and better 
procedures for identifylng genetic 
disorders, a considerable heritable 
genetic disease burden has been 
recognized in the human population. It is 
estimated that at least 109b of all human 
disease is related to specific genetic 
abnormalities, euch as abnormal 
composition. arrangement, or doeage nf 
genes and chromosomes (3,7,8). Such 
genetic abnormalities can lead to 
structural or functional health 
impalrments. These conditions may be 
e x p r e d  in utem; at the time of birth: 
or durlng infancy, chlldhaad 
adolescence, or adult life: they may be 
chronlc or acute in nature. &I a reeult. 
they oRen have a severe impact upon 
the affected lndlviduals and thek 
famllIer In t e r n  of phyrical and mentnl 

The Agency is concerned with the risk 
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suffering and economic losser, and upon 
W e t y  in general. whlch often becomes 
responsible for institutional cam of 
eevenly aflected indivlduala Some 
examples of genetic disorden am Down 
and Klinefelter syndromes, cystic 
fibrosis. hemophilia. sicklecell anemia, 
and achonhplaetic dwarfism. Other 
commonly recognized conditions that 
are likely to have a genetic component 
include hypercholesterolemia. 
hypertension, pyloric stenosis, 
glaucoma, allergies, several types of 
cancer, and mental retardation. These 
dieordere are only a few of the 
thousands that are at least partially 
genetically determined (9). 

Entima tion of the fraction of human 
genetic disorders that result from new 
mutations is difficult although in certain 
specific canes insights are available (10). 
It is clear that retuning mutat'm is 
important in determining the incidence 
of certain genetic disorders, such as 
some chromosomal aberration 
syndromes (e.g.. Down syndrome) and 
rare dominant and X-Wred recessive 
diseases (e.g.. achondroplasia and 
hemophilia A). For other singlefactor 
disorders (e.g.. sickle-cell anemia) and 
certain multifactorial disorden (e.g., 
pyloric stenosis), the contribution of 
new mutations to disease frequency is 
probably small. However, it is generally 
recognized that most newly-arising 
mutations that am phenotypically 
expressed am in some ways deleterioua 
to tbe organism recei- them (3.7,8). 
Adverse effects may be manifested at 
the biochemical cellular, or 
physiological levels of organization. 
Although mutations are the building 
bloclu for further evolutionary change of 
species. it is believed that increaser in 
the mutation rate could lead to an 
increased frequency of e x p m d  
genetic disorders in the fimt and 
subsequent generations. 

Life in our technological society 
results in exposure to many nnhvel and 
synthetic chemicals. Some have been 
shown to have mutagenic activity in 
mammalian and submammalian test 
systems. and thur may have the 
potential to increase genetic damage in 
the human population. Chemicals 
exhibiting mutagenic activity in various 
test systems have been found 
distributed among fooda tobacco, dnyts, 
food additives, cosmetlca industrid 
compounds, pesticides, and conowner 
products. The extent to which exposum 
to natural and synthetic environmental 
agente may have increased ths 
frequency of genetic disorden in the 
present human ation and 2 contributed to rp"' e mutational "load" 
that a be baMdtbd  t0 hhvs 

generations is unknown at thls time. 
However, for the rea80110 cited above, It 
seem prudent to llmit exposures to 
potential human mutagens. 
A. Concepts Relating to Heritable 
Mutagenic Risk 

chemical substancer or mixtures of 
substances that can induce alterationr 
in the genome of either somatic or 
germinal cells. The mutagenicity of 
physical agents (e.&, radiation) le not 
addressed here. There are mveral 
mutagenic end points of concern to the 
Agency. These include point mutations 
(Le., submicroscopic changes in the base 
sequence of DNA) and structural or 
numerical chromosome aberrations. 
Structural aberrations include 
defidendes, duplications. insertions 
inversions. and translocations, whereas 
numerical aberrations are gabs or 
losses of whole chromosomes (e.g., 
trisomy, monosomy) or nets of 
chromosomes (haploidy. polyploidy). 

Certain mutagens, such as alkylating 
agents. can dlrectly laduce alterations in 
the DNA. Mutagenic effects may also 
come about throqh mechanisms other 
than chemical alterations of DNA. 
Among these are interference with 
normal DNA synthesis (as caused by 
some metal mutagens), interference with 
DNA repair, abnormal DNA 
methylation. abnormal nuclear division 
processes. or lesions in non-DNA targetr 
(e.g., protamine. tubulin). 

Evidence that an agent induces 
heritable mutations in human beirqs 
could be dertved from epidemiologic 
data indicating a strong association 
between chemical exposure and 
heritable effects. It is difficult to obtain 
such date because any spedflc mutation 
is a ram event, and only a small fraction 
of the estimated thousands of human 
genes and conditions are cummtly 
useful ar markers in estimating mutation 
rates. Human genetic variability, small 
numben of offsprfne per individual, and 
long generation ttmes further complicate 
such studies. la addition. only dieorden 
caused by domlnant mutations. some 
rex-linked recessive mutations. and 
certain chromosome aberrations can be 
detected in the h t  generation after 
their occumnce. Conditiotu cawed by 
autosomal recessive disorders (which 
appear to OCCUT mom frequently than 
dominant disorders) or by polygenic 
traltr may go unreco(pllzed for many 
generations. Therefore, in the absence of 
human epldemlolagical data, it ir 
appropriate to rely on data from 
experimental snlmal systmr as long ar 
the llmltatlonr of wlng m a t e  and 
model ryrtemr am clearly rtated. 

These Guidelines are concerned with 
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Despite species differences In 
metabolism, DNA repair, and other 
physiological procesees affecting 
chemical mutageneeis, the virtual 
universality of DNA as the genetic 
material and of the genetic code 
provides a rationale for using various 
nonhuman test systems to predict $e 
intrinsic mutagenicity of test chemicals. 
Additional support for the w e  of 
nonhuman systems is provided by the 
observation that chemicals causing 
genetic effects in one species or test 
system frequently cause similar effects 
ia other species or systems. Evidence 
also exists that chemicals can induce 
genetic damage in somatic cells of 
exposed humans. For example, high 
doses of mutagenic chemotherapeutic 
agents have been shown to cause 
chromosomal abnormalities (11). sister 
chromatic exchange (11), and, quite 
probably. point mutetione in human 
lymphocytes exposed in vivo (12). While 
these results are not in germ cells, they 
do indicate that it is possible to induce 
mutagenic events in human cells in vivo. 
Furthermore, a wide variety of different 
types of mutations have been observed 
in humans including numerical 
chromosome aberra tiom. trcnslocations. 
base-pair substitutions, and frameohif, 
mutations. Although the cause of these 
mutations is uncertain, it is clear from 
these observetiom that the human germ- 
cell DNA is subject to the same types of 
mutational events that are observed in 
uther spedes and test systems. 

Certain test systems offer notable 
advantages: cost anatomical, 
histological. and/or metabolic 
similarities to humans; sultabllity for 
handling large numbers of test 
organisms; a large data base; or a basis 
for characteriring genetic events. 
B. Test Systems 

Many test systems are currently 
available that can contribute 
information about the mutagenic ' 

potential of a test compound with 
respect to various genetic end points. 
These tests have recently been 
evaluated through the EPA Gene-Tox 
Programs and the results of Phase I have 
been published (5). "%e Agency's Office 
of Pestiddes and Toxic Substances has 
published various testing guidelines for 
the detection of mutagenic effects (13. 
14). 

Test systems for detecting point 
mutations include those in bacteria. 
eukaryotic microorganism, higher 
p l ~ t s ,  inrects, mammalian somatic cella 
in culture. and germinal cells of intact 
mammals. Data from heritable, 
mammalian genn-cell teetr provide the 
beat epr lmental  evidence that 
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chemical is a potential human germ-cetl 
mutagen since these tests require that 
mutations occur in geminal cells and 
that they no) transmitted to the next 
generation. To dhie. the most 
extensively used teslt for the induction of 
heritable mutation is the mouse specific- 
locus test which measures the induction 
of recessive mutations at seven loci 
concerned with coat color and ear 
morphology. While this test has a large 
data base compared to other gem-cell 
assays. it is difficult to extrapolate 
results to humans since recessive 
mutations may OCCUT more frequently 
than dominants. and the impact of 
recessive mutations is not seen for many 
generations. Information on frequencies 
of induced mutations resulting in health 
disorders in the fvst generation may be 
obtained from mouse systems designed 
to detect skeletal abnormalibes, 
cataracts, or general morphological 
abnormalities. However, these cssaye 
have been used to a relatively limited 
extent und there is a need for addMona1 
studies with known, chemical germcell 
mutagens to firher characterize the test 
system. Because large numbers of 
offspring must usually be generated in 
the systems described above, it is not 
expected that many chemicals will be 
tested using these systems. To obtain 
data on a large number of 
environmental chemicals. it will be 
necessary to rely on other tests to 
identify and characterize hazards from 
gene mutations. 

Test systems for detecting structural 
chromosome aberrations have been 
developed in a variety of organisms 
including higher plants. insects, fish, 
birds, and severe1 mammalian species. 
Many of theee a s ~ a y s  can be performed 
in vitm or in vivo, and in either germ or 
somatic cells. Procedures available for 
detecting structural chromosome 
a b e m  tions in mammalian germ cells 
include measurement of heritable 
translocations or dominant lethality, as  
well a0 direct cytogenetic analyses of 
germ cells and early embryos in rodents. 

Some chemicals may cause numerical 
chromosome changes [Le., aneuploidy] 
as their sole mutagenic effect. These 
agents may not be detected as mutagens 
if evaluated only in tests for DNA 
damage, gene mutations, or chromosome 
breakage and rearrangement. Therefore. 
it is important to consider tests for 
changes in chromosome number in t b  
total assessment of mutagenic hazards. 
Although tests for the detection of 
variation in the chromosome number are 
still at an early stage of development, 
systemr exist in ouch diverse oganisms 
ae fungi, Droeophila, mammalian cells in 
cultum, and intact mammals [e.g.. mouse 

so14999 OalqOt X22-SEP-St 70% 13) 

X-chromoeome loss assay). Aneuploidy 
can arise from disturbances in a number 
of events affecting the meiotic process 
(15.18). Although the meAanisms by 
which nondisjunction occurs are not 
well understood, mitotic structures other 
than DNA may be the target molecules 
for at lead some mechanisms of induced 
nondisjunction. 

Other end points that provide 
information bearing on the mutagenicity 
of a chemical can be detected by a 
variety of test shstems. Such tests 
measure DNA damage in eukaryotic or 
prokaryotic cella, unscheduled DNA 
synthesis in mammalian soma tic and 
germ cells, mitotic recombination and 
gene conversion in yeast, and sister- 
chromatid exchange in mammalian 
somatic and germ cells. Results ir. t5ese 
assays are useful hecause the induction 
of these end points often correlaa 
positively with the pclential of a 
chemical to induce mutations. 

point mutatione and numerical and 
structural aberrations), the Agency will 
place greater weight on tests conducted 
in germ cells than in somatic cells, on 
tests performed in vivo rather than in 
vitm, in eukaryotes rather than 
prokaryotes, and in mammalian species 
rather than in submammalian species. 
Formal numerical weighting systems 
have been developed (lv): however, the 
Agency has concluded that these do not 
readily accommodate such variables a s  
dose range, mute of exposure, and 
magnitude of response. 

The Agency anticipates that from time 
to time sometic cell data from 
chemically exposed human beings will 
be available [e.&. cytogenetic markers in 
peripheral lymphocytes). When 
possible, the Agency will use such data 
in conjunction with somatic and germ 
cell comparisons from in vivo 
mammalian experimental systems as a 
component in performing risk 
assessmen Is. 

The test systems mentioned 
previously are not the only ones that 
will provide evidence of mutagenicity or 
related DNA effects. These systems are 
enumerated merely to demonstrate the 
breadth of the available techniques for 
characterizing mutagenic hazards, and 
to indicate the types of data that the 
Agency will consider in its evaluation of 
mutagenic potential of a chemical agent. 
Most systems posdess certain 
limitations ! h t  must be taken into 
account. The selection and performance 
of appropriate tests for evaluating the 
d s b  aseociated with human expsure to 
any suspected mutagen will depend on 
sound scientific judlpnent and 
experience, and may necessitate 

In general, for all tli-e esd points (Le., 

consultation with geneticists familiar 
with the sensitivity and experimental 
design of the test system in question. In 
view of Lie rapid advances in test 
methodology, the Agency expects that 
both the nunber and quality of the tools 
for assessing genetic risk to human 
beings will increase with time. The 
Agency will closely monitor 
developments in mutagenicity 
evaluation and will refine its nsk 
assessment scheme a8 better test 
systems become available. 
II. Qualitative Assessment (Huzard 
Identification) 

The assessment of potential human 
germ-cell mutagenic risk is a multistep 
process. The fmt step is an analysis of 
the evidence bearing on a chemical's 
ability to induce mutageric events, 
while the second step involves an 
analysis of its ability to produce these 
events in the mammalian gonad. All 
relevant information is @en integrated 
into a weightolevidence scheme which 
presents the strength of the information 
bearing on the chemical's potential 
ability to produce mutations in human 
germ cells. For chemicals demonstrating 
this potential, one may decide to 
proceed with an evaluation of the 
quantitative consequences of mutation 
following expected human expoacre. 

For hazard identification, it is clearly 
desirable to have data from mammalian 
germ-cell teste. such as  the mouse 
specific-locus test for point mutations 
and the heritable translocation or germ- 
cell cytogenetic tests for structural 
chromosome aberrations. It is 
recognized, however, that in most 
instances such data will not be 
available, and alternative means of 
evaluation will be required. In such 
cases the Agency will evaluate the 
evidence bearing on the agent's 
mutagenic activity and the agent's 
ability to interact with or affect the 
mammalian gonadal target. When 
evidence exists that an agent possesses 
both these attributes, it is reasonable to 
deduce that the agent is a potential 
human germ-zell mutagen. 

While mammalian germ-cell assays 
are presently primarily performed on 
male animals, a chemical cannot be 
considered to be a non-mutagen for 
mammalian germ cells unless i t  is 
shown to be negative in both sexes. 
Furthermore, because most mammalian 
germ-cell essays are performed in mice, 
it is noteworthy that the data from 
ionktng radiation suggest that the 
female mouse immature oocyte may not 
be an appropriate surrogate for the same 
stage in the human female in 
mutagenicfty testing. However, 
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effect downward to the approximate 
level of anticipated human exporun. In 
performing there extrapolations the 
Agency will place greater weight on 
data derived from exporurer and 
exposure rater that mort clowly 
rimula te those experienced by the 
human population under rtudy. 

appropriate extrapolation modelr for 
rirk analyrir and WlU be guided by the 
available data and mechanlstic 
conaideratiom in thlr 8dedoh 
However. it Ir anticipated that for tests 
lnvol- germ allr  of whole mammalr, 
few dore pointa will be available to 
define dose-response functions. The 
Agcncy ir aware that for at least one 
chemical that has been tested for 
mutationa in mammalian gcrm cella 
them exist deparhuer from linearity at 
low exporum and exposure rates in a 
farhion rimilar to that wen for io- 
radiatioa that her a low linear energy 
transfer (19). n e  Agency wlll conrider 
all relevant models for gme and 
d u o m m m a l  mutations in perfotmlng 
lowdow extrapolationr and will choom 
the mort appropriate model. Thh choice 
will be oonrirtent both with the 
experimental data available and with 
cunwnt knowledge of relevant 
mutational mechanirms. 

An expertmental approach for 
quantitative a s ~ m e n t  of genetic rirk 
which may have utility in the futum, 
ubc~ molecular dorimetry data from 
intact mammalr in conjunction with 
muteganicity and doshetry data from 
other validated tent ryrtem (20). The 
intact mammal ir uoed primarily for 
relating the exposure level for a given 
route of admMrtmtion of a chemical to 
gemcall doee. 1.e.. the level of mutagen- 
DNA interactionr. This information lr 
then uned in conjunction with resultr 
obtained hrom mutagenicity test syrtemr 
in which the ~ I a t i o ~ N p  between the 
induction of mutations and chemical 
lntemctione with DNA can be derived. 
With mutagen-DNA interactions ar the 
common denominator, a relatiomhip 
can be constmctd between mammalian 
exposure and the i n d u d  mutation 
frequency. The amount of DNA bin- 
induced by a particular chemical agent 
may often be determined at levelr of 
anticipated human e x p u n .  

For mme mutagenic eventr. DNA may 
not nscbrmrily be the critical target. 
Interaction of chemlcalr with other 
mreromoleculw. ruch aa tubulin, which 
is involved in the wpamtion of 
chromosomes durlng nuclear dividon. 
can lead to chmmorornrl 
nondhjunction. At present pnoral 
approaches am not avsllable for doea 
rsrponne arrerrmentr for there typer of 

The b n c y  will rMve to ure the mort 

mutatioas. Wiq research ahould 
provide tbe means to make future 
aswsementa on chemicalr causLg 
aneuploidy. 
8. Exporum h m r m e n t  
The exporum aswrament identifier 

populations expowd to toxic chemlcalr: 
d d b e r  their comporltion and r k  
and p m n t r  the types magnltudeh 
frequencies, and durationr of exposure 
to the chemicals. Thir component ir 
developed independently of the other 
componentr of the mutagenlcity 
arwrrment (2). 

C Risk Characterizetion 
In performing mutagenldty risk 

assessments it ir important to conrider 
each genetic end point individually. For 
example. although certain chemical 
substancer that interact with DNA m y  
cause both point and duommmal 
mutationr. it ir expected that the ratio of 
thebe eventr may differ among 
chemicals and between do- for a 
given chemical Furthennore, 
transmirdble chromosomal aberrations 
am recoverable with higher fmquencin 
from meiotic and portmelotic germcell 
rtager. which have a brief life span. than 
h rpermetqpnial rtem rrllr, whlch can 
accumulate genetlc damage throughout 
the reproductive life of an indlvidurl. 
For thew reamna. when data am 
available. the Agency, to the best extent 
p r i b l e ,  will amerr rirh a r d a t s d  
with all genetic end points. 

Any rirk arressment rhould clearly 
delineate the rbangths and weaknmses 
of the data. the arrumptlonr made. tlre 
uncertaintiem in the methodology. and 
the rationale used in reaching the 
conclusions. 04.. rlmilar or different 
router of exporure and metabolic 
differences between humanr and test 
anlmalr. When posrible. quantitative 
rlsk armrrmentr rhould be v x p r e r d  I 
tennr of the estimated increare of 
genetic diseaw per generation, or the 
fractional incream in the arrumed 
background rpontaneour mutation rate 
of humans (7). Examplea of quantitatlve 
risk estimntw have been publlrhed (7.8, 
n): these examples may be of UM h 
performing quantitative rirk 
a r ~ r r m e n l r  for mutagenr. 
w. lldraor 
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Inhdtuwe In man: catalogs of rutaramal 
domlmnt rutoeomrl recerrlve rnd x-llilkod 

7. Natiorul Rerearch Council. Advirory 

w r h  bsnent-t uraipir fot octivitin 

~omml t t s s  on the B I O I O ~ I U ~  mear or 

Unlted Natlonr General Arrcmbly. 1912. 

Unltd  Nalionr C e n m l  hrembly. 1- 

0. McKurlck, V.A. 1W. Mendelian 
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rp.dlidoeur rnubtloar 

in- 

la aulr mla. Mutat. Rela w- 
p . r ( B ~ t o p u M i c . n d ~  
Advbor#tDoudcanwlk 
Th(r d o n  rummnrlrali mme of the 

h u e r  raid ln public and Science 
Advisory Board @AB) commenb on the 
RopoMd Cuidellnsr f a  Mutagenidty 
Risk Aueument publlrhed on 
November 23,186( (49 PR 46Sl4). Unllke 
the other guldeber publirhed on the 
uune date, the Pmm Cuidellnea for 
Mutagsnidty Rid Aueument 
contained a detailed d o n  deallag 
with public commentr received In 
rsrporw to the original pmpoull of lee0 
(e PR 7rser). ssverd of the commatr 
received la rscrponw to the propod  
guldellner of 1984 w m  r h h u  to thore 
llhcslved In rsrporw lo tbe propod 
sufdeltner of 1980. Thom commenta am 
not a d d m a d  h m  bacaw the podtion 
of the Agency 011 thorn l uue r  ha8 beem 
preclented in the mponrer included 
4th the 1884 propod  guldellner (49 PR 
4 M l M 8 ) .  

A totd of 44 commsnta w m  received 
In rssporw to the proposed guldeltner 
of 1881: ZI fmm manufacturem of 
regulated productr, 10 from areodationr, 
0 from ~ e n m e n t  agender, 2 from 
d u c a t i d  htitutlonr, 1 from M 
Lndlvidud, and 1 from a prlvate 
amrulm firm. The propored guldeliner 
md the public unnmentr mceived were 
transmitted to the Agency'r SAB prlor to 
Itr public review of the p r o p o d  
guidelinsr held April 2%23,196!5. The 
~ J O r l t y  of the commentr were 
favorable and expreued the opinlon 
that the propod  g u l d e l h  accurately 

repmamlt the edrting rtate of 
knowledge in the field of mulagenerlr. 
Sevml commentom o f f e d  r u g a t ~ t l o ~  
for further clarification of particular 
irrutm and many of the r ~ s r t i o n a  
have bean incorporated. 

The two meas that recelved the mort 
rubshatlve commeata were the U M ~ ~ O M  
concernlag Weightof-Evidence 
Detsrmination and Dore Rerponse.,?he 
commenb on the pmpored wewt-of- 
evidence rcheme ranged hpm 
ruggertioar for the elimination of a 
formal scheme to the expansion of the 
rchsme to cover mom potential data 
configurrtlonr. Tbe SAB rscommcndsd 
an ekgbt-level rank orderlng rcheme to 
d e b e  levelr of evidence relating to 
human genn-cell mutagenldty. The 
Agency har incorpora tad this acheme 
Into the Cuidellnsr. Some commentom 
and the W ruggceted that the 
molecular dorimetry approach to dore- 
rsrponw data be pmmented ar a concept 
that may be wful In the future rather 
than being available for UM now. The 
Agency e p r  that the data baw at the 
prerent time Is  too rpane  to recommend 
a general application of U r  applrurch to 
a wide mnge of chemical claws, and 
the Cuidellner have been changed to 
mnect thir. It should be noted. however. 

development of molecular dorlmetry 
methodologier ar they relate to both an 
undemtanding of doawmponse 
relationrhipe and to methob for 
rtudyiq human exporure. A number of 
comments rug~erting clarlflcationr m d  
editorial chmgea bnve been 
incorporated and tt . mferencer have 
been expanded. 

that the Agency rtrongly rupportr the 

IpR D o C 8 S l ~ ~ s d ~  R U  u i ~ l  
1111oOoQI'' 
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ENWROWM€MTMPROfECTKm , M a n @ g  the Process. In that book. the 

NAS recommended that Federal 
rermlatom agencies establish "inference 

AOLWCY 

IFRL-290&rl 

~ ( o r r n W 8 I l h R b l r  
A a a a n m t o f c t n d d ~  

~ ~ o ( t r :  U.S. Environmental Protection 
Agency P A ) .  
ActKm:  Final Guideliner for the Health 
Risk Anaerrment of Chemical MIxturer. 

8- . The U.S. Environmental 
Protection Agency is today issuing five 
guidelines for assessing the health risb 
of environmental pollutants. Thew are: 
Guideliner for Carcinogen Risk 

Guidelines for Eetimattng Exposrm 
Guidelines for Mutagenicity Risk 

Guideliner for the Herlth Aesmrment of i" Suspect Developmental Toxicantr 
Guideliner for the Health Rirk 

Asstermant of Chemical Mixtures 
Thir notice c o n t a b  the Guldeliner 

for the Health Risk An8essment of 
Chemical Mixhues. the other guideliner 
appear elsewhere in today'r Fsdg.l 

heerement 

Aseessment 

R m .  
The Guidelines !or the Health Risk 

Ansersment of Chemlcal Mixhues 
(hereafter "Guidelines") are intended to 
guide Agency analysis of information 
relating to health effects data on 
chemical mixtures in line with the 
policies and procedures eetablished in 
the statuter administered by the EPA. 
There Guidelines were developed ar  
pert of an interofice guidelinee 
development program under the 
auspices of the Office of Health and 
Environmental Aesarement ( O m )  in 
the Agency'r Office of Research and 
Development They reflect Agency 
consideration of public and Science 
AdviIory Board (SAB) comments on the 
Proposed Guideliner for the Health Rlrk 
Assessment of Chemical Mixturer 
published January 9.lesS (50 FR 1170). 
This publication completes the first 

round of risk armament guidelines 
development. Thew Guideliner will be 
revised, and new guideliner will be 
developed. as appropriate. 
rmcnn DATE The Guideliner will be 
effective September U,l9tW. 
m Y a r u r m r r r ~ w a ~ m  
Dr. Richard Hertzberg. Methodr 
Evaluation and Development Staff, 
Environmental Criterla and Aaremsmenl 
Omce. U.S. Environmental Protection 
Agency. 26 W. St Clalr Street. 
Cincinnati, OH 45288, S l S 7 b S 2  
#uPuwamAIcT  lwrolyITloIc In lees, 
the NaUonsl Academy of gdencsc 
(NAS) publlrhed itr book entltled Risk 
Aoaeument in the Fedem1 Cowmment 

Gdeliner" io e n s m  consistency and 
technical quality in risk asmssments 
and to enrure that the risk assesement 
procers war maintained as a scientific 
effort reparate from risk management. A 
tark force within EPA accepted that 
recommendation and requested that 
Agency scientiats begin to develop ruch 
guideliner. 
ceoerrt 

products of a two-year Agencywide 
effort, which has included many 
dentists from the larger scientific 
community. These guidelines set forth 
prtnc!;lee and procedures to guide EPA 
scientistr in the conduct of Agency risk 
assessments. and to inform Agency 
decision makers and the public about 
these procedures. In particular, the 
guidelines emphasite that risk 
asseesments will be conducted on a 
casoby-case basis, giving full 
consideration to all relevant scientific 
Momation. This case-bycase approach 
means that Agency experts review the 
rcientific informaGon on each ugent and 
UM the most scientifically appropriate 
interpretation to assess risk. The 
guidelines also stress that this 
information will be fully presented In 
Agency risk assessment documents, and 
that Agency scientiets will identify the 
strengths and weaknesses of each 
assessment by describing uncertainties, 
assumptions. and limitations, as well as 
the scientific basis and rationale for 
each assessment. 

Finally, the guidelines are formulated 
in part to bridge gape in risk assesement 
methodology and data. By identifying 
thew gaps and the importance of the 
missing information to the risk 
assessment process, EPA wishes to 
encourage research and analysis that 
will lead to new risk asresrment 
method8 and data. 
CuideUne8 fa H d t h  Rirlr Auerawnl 
O f c h a m b l M l x -  

Work on the Guideliner for the Health 
Risk Aeeessmetd of Chemical Mixtures 
began in january lW4. Draft guideliner 

by Agency work groupr 

throughout the Agency. The drafts were 
peer-rwiewed by expert rdentistr in the 
fieldr of toxicology. phannacokinetiu, 
and rtatirtice from unlverstties, 
environmental gmupr, indurty, labor, 
and other wvenunental agender. They 
were then proposed for public comment 
In the P d d  Regimtm (a0 €74 1170). On 
November 8,1964, the Administrator 
directed that Agency officer ure the 

The guidellnes published today are 

were composed developed o expert scientists from 

proposed guidelines in performing risk 
assessmentr until final guideliner 
become available. 

After the Joee of the public comment 
period, Agency staff prepared 
summaries of the commente, analyser of 
the major issuee presented by the 
commentore, and preliminary Agency * 
responser to those comments. These 
analyses were presented to review , 
panelr of the SAB on March 4 and April 
na,ie85, and to the Executive 
Committee of the SAE on April 25-28, 
1985. The SAB meetings were 
announced in the Federal R e g l ~ t s r  as 
follows: February 1 2  1985 (50 FR Sell) 
and April 4,1985 (50 FR 13120 and 
1342l). 

In a letter to the Administrator dated 
June 19,1985. the Executive Commlttee 
Renerally concurred on all five of the - 
guidelines, but recommended certain 
revisions, and requested that any 
revised guidelines be submitted to the 
appropriate SAB review panel chairman 
for review and concurrence on behalf of 
the Executive Committee. As described 
in the responses to comments (see Part 
B: Response to the Public and Science 
Advisory Board Comments), each 
guidelines document was revised, where 
apy-opriate, consistent with the SAFI 
recommendations, and revised draft 
guidelines were submitted to the panel 
chairmen. Revised draft Guidelines for 
the Health Risk Assessment of chemical 
mixtures were concurred on in a letter 
dated August 10.1065. Copies of ths 
letters are available at the Public 
Information Reference Unit, EPA 
Headquarters Library. as indicated 
elsewhere in this notice. 

Part A contains the Guidelines and Part 
B, the Responee to the Public and 
Sdence Advisory Board Commente (a 
summary of the major public commente, 
SAB comments, and Agency responses 
to those comments). 

The SAB requested that the Agency 
develop a technical support document 
for these Guidelines. The SAB identified 
the need for this type of document due 
to the limited knowledge on interactions 
of chemicals in biological systems. 
Because of this, the SAB commented 
that progress in improving riek 
assessment will be particularly 
dependent upon progrese in the science 
of interactione. 

Agency staff have begun preliminary 
work on the technical support document 
and expect it to be completed by early 
1987. The Agency is contlnulng to study 
the risk assessment issues raised in the 
guideliner end will -vise these 
Guldellnes in line with new information 
am appropriate. 

Followlng this Preamble are two parts: 
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References, rupportiq documenta 
and commentr mcelved on the proporod 
guidelines. ar  well as copies of the h a 1  
guidelines, are available for inspection 
and copying at the Public Wonnation 
Reference Unlt (#)2-382-3028), EPA 
Headquadem Library. 101 M Street, SW. 
Washington, DC, between the ho rn  of 
(1.00 a.m. and k30 p.m, 

I certify that there Guidelines are not 
major ruler as defined by Executive 
Order 12261, because they me 
nonbinding policy rtatements and have 
no d h t  effect on the regulated 
community. Therefore, they wtll have no 
effect on costs or pricor. and they will 
have no other significant adveme effectr 
on the economy. Thew Guidelines wem 
reviewed by the Office of Management 
and Budget under Executive Order 

Datad: Auguol22 1m 

L.M.Tbmmov 
Adminiatm for. 

cadmta 
Part A: G m  fa tb. Hod& W 

1. Inkduction 
t o f ~ n a x t u m  

11. m m  ~ p p d  
A Data Available on the M h t w  of Cod- 

B. Data Available on S M h r  Mixturn 
C Data Available Only on M l x l u m  e l m -  

WRl 

ponmlr 
1. Syrtemlc Toxluntr 
2 Cadnogenr 
3. Interactionr 
4. Unwrtaintiea 

a. Health Eftectr 
b. Exporum Uncertaintler 
E. UncertsinUer Rqardlng Comporl- 

tion of the Mlxtum 
III. haumptions and Limitationa 

A. Information on Intdt.ctionr 
B. Additivity Model8 

IV. Mathematiwl Mod& and the Mscuum- 
men1 of Joint Action 
A. Dorc Addltlon 
B. Reaponre AddlJon 
C Interactlono 

V. Refensnces 
Put B: Rsrpaol.  to Pubb; and &I.ag UvI- 

8ofy Borrd cot-?@! 

A. Dcftnltionr 
B. Mixhuer of Circlnogenr and Syrtemlc 

Toxlcantr 
111. Additivity A a  umpfion 

A. Complex M i ~ h y a r  
B. Dose AddlUvity 
C Interpretation of the H a d  Index 
D. Die of Interaction Data 

h t a  Base 

1. fnllwluction 
11. RBcommendsd h x d u m a  

1%'. Unmtfainfisr and ~JIS Sufficiency of the 

V. Nssd for a lbchnicol SuppoH Documnl 

Put A: Guidslinea for Ihe H d t h  Ridc 
A#umalmt of c2mmicd Mix- 
I. lnlroduction 

Ir to generate a consistent Agency 
approach for evaluating data on tha 
chronic and subchronic eflecte of 
chemical mixtures. It is a procedural 
guide that emphasizes broad underlying 
principles of the various science 
disciplines (toxicology, pharmacology, 
statistics) necessary for asressing health 
risk from chemical mixture exposure. 
Approaches to be used with respect to 
the analysis and evaluation of the 
various data are also discussed. 

to regulate any social or economic 
aspects concern@ risk of injury to 
human health or the environment 
caused by exposure to a chemical 
agent(s). AU such action is addreesed In 
specific statutes and federal legislation 
and Is independent of these Guidelines. 

While some potential environmental 
hazarde involve significant exposure to 
only a si@e compound most instances 
of environmental contamination involve 
concunnt or sequential exposures to a 
mixture of compounds that may induce 
similar or dissimilar effects over 
exposure perlods ranging from short- 
term to lifetime. For the purposes of 
thew Guldelines, mlxtures will be 
defined as any combination of two or 
more chemical rubstances regardless of 
source or of spatial or temporal 
proximity. In some Instances, the 
mixhver are hlghly complex consisting 
of scorei of compounds the t are 
generated simultaneously as by- 
products from a ringle source or process 
(e.8.. coke oven emisslons and diesel 
exhaust). In other cases, complex 
mixtures of related compounds are 
produced as commerdal productr (e.8.. 
PCBe. gasoline and pesticide 
formulations) and eventually released to 
the environment. Another class of 
mixtures consists of compoundr, often 
unrelated chemically or commercially, 
whlch am placed in the same area for 
disposal or rtornge, eventually come 
into contact with each other, and are 
released ar  a mlxhve to the 
environment. The quality and quantity 
of pertinent information available for 
risk assesamant varler considerably for 
different mlxturee. Occarionally, the 
chemical compoeitton of a dxture  lr 
well characterized. levelr of exposure to 
the population are known. and detalled 
toxicologic data on the mlxture are 
moilable. Mort frequently, not d l  

The prlmay purpose of this document 

It is not the intent of these Guidelines 

components of the mixture are known. 
exporure data are uncertalr, and 
toxicologic dale on the known 
components of the mixture are limited. 
Nonethelese, the Agency may be 
required to take action because of the 
number of individuals at potential risk 
or because of the known tokicologic ' 
effects of these compounds h a t  have 
been identified in the mlxture. 

mixtures of toxicants will interact munt 
be based on an underetonding of the 
mnchanisms of much interactions. Most 
reviews and texts that discuss toxlcant 
interactions attempt lo discuee the 
blologlcal or chemical bases of the 
Interactions [e.#., Klaassen and Doull, 
1- Levine, 1973; Coldstein et al., 1974; 
NRC 1BBOa; Veldstre. 1958; Withey, 
1981). Although different authore use 
somewhat different claesification 
schemes when discussing the ways in 
which toxicants interact, it generally is 
reco@zed that toxicant interactions 
may occur during any of the toxicologic 
procesbes that take place with a single 
compound absorption, distribution, 
metabolism. excretion, and activity at 
th, receptor eite(e). Compounds may 
Interact chemlcally, yieldirq a new toxic 
component or causing a change in the 
biological availability of the existing 
component. They may also interact by 
cauring different effects at different 
receptor sites. 

Because of the uncertainties inherent 
In predicting the magnitude and nature 
of toxlcant interactlone, the assessment 
of health risk from chemical mixtures 
must include a thorough discussion of 
all assumptions. No elngle approach is 
recommended in these Cuidelines. 
Instead. guidance is given for the use of 
several approaches depending on the 
nature and quality of the data. 
Additional mathematical details are 
prcsented Ln rectlon N. 

In additlon to these Guidelines, a 
supplemental technical support 
document is being developed which will 
contain a thorough review of all 
avallable information on the toxicity of 
chemical mixtures and a discuseion of 
research needs. 
II. h p o a e d  Appnwch 
No rlngle approach can be 

recommended to risk assessments for 
multiple chemical exposures. 
Nonetheless, general guidelines can be 
recommended depending on the type of 
mixture. the known toxic effects of its 
componentr, the wailability of toxicity 
data on the mixture or rimilar mixtures, 

The prediction of how specific 
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the known or anticlpated interactiona 
among components of the mixture, and 
the quality o l  the exporure data. Given 
the complexity of this issue and the 
relative paucity of empirical data from 
which eound generalltationr can be 
conehcted. emphasiv must be placed 
on flexibility, judgment and a dear 
articulation of the assumptiom and 
l id t a t ions  in any risk assersment that io 
developed The proposed approacb Ir 
summarized in Table 1 and Figure 1 and 
is detailed below. An alphanumeric 
scheme for raw the quality of the 
data used in the risk arsersment is given 
in Table 2. 
A. Data Available on the Mixture of 
Concern 

subchronic or chronic exposure to 
mixhurra the preferred approach usually 
will be to uee subchronic or chronic 
health effects data on the mixture of 
concern and adopt procedures rimllar to 
thoee wed for single compounds, either 
systemic toxicants or carcinogens (see 
US. EPA. 1988e-c]. The risk asiessor 
must recognh, however, that dore- 
response modelr used for single 
compounds ars often based on 
biological mechanisms of the toxicity of 
single wmpounda and may not be ar  
well Justifled when applied to the 
mixture ar  whole. Such data are most 
likely to be available on blghly complex 
mlxturea. rucb aa coke oven emissions 
or diesel exhaust which are generated 
In lege quantltier and associated with 
or rurpected of causing adverse bealtb 
effectr. Attention should also be given 
to the pemlrtence of the mixture in the 
environment ar well a r  to tbe variability 

For predict@ the effects of 

of the mixture composition over time or 
from Werent eourcen of emlssions. 11 
the components of the mixture are 
known to padtion into different 
environmental compartments or to 
degrade or transform at different rate, 
in the environment then those factors 
murt alro be taken into account or the 
confidence in and applicablllty of the 
rlsk assessment i s  dimlnlshed. 
Table GRwr Amrmmt Aoporch fa 
~ h f i x m r w  
1. AOMU the quality of the data on 

interactlono, health effect* and sxporure (rse 
Table 2). 

a. If adequate, p d  to Step 2 
b. If inadequate, proceed to Step 14. 
f Health effects information ir avallable 

on the cbemlcal mlxhvs of concern. 
a. If yes. procbed to Step 3. 
b. If no, proceed to Step 4. 
3. Conduct risk asoerrment on the mixture 

of concern b a d  on health effects data on 
the mixhue. Uw the oame procedurer as 
thore for tlngle compounds. Roceed to Step 7 
(optional) urd Step 1% 

4. Health effecto information b available 
on a mlxtum that ir rlmllar to the mixture of 

a. If yer. proceed to Step 6. 
b. Uno, pruceed to Step 7. 
6. AOMIO the rlmilarity of the mlxtum on 

whlcb health effecto data am available to the 
mlxtum of concern, 4t.b emphasls on any 
dlffemncer in componento or proportlono of 
componenh, ar well a r  the effect# that ruch 
dlfferencer would have on blologlcal activity. 

a. If rufflclently rlmllar, proceed to Step 6. 
b. If not ruffldenlly rlmllar, p d  to 

step 7. 
6. Conduct rirk arrerrment on &e mlxhvs 

of concern bared on health effectr data on 
the almilar mixture. Use the rams procedurer 
a r  th000 for rlngle compoundo. Roceed to 
Step 7 (optional) and Step 12 

mcJ?m. 

t '  
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7. Compile health effectr and exposure 
information 011 the componenb of the 
mlxhue. 

a Derive ap rupriate Indicer of acceptable 
exposure and/& rink on the individual 
componentr in the mlxture. Proceed to Step 8. 

8. Amere data on interactionr of 
components In the mhturer. 

a. (I ruMcient quantitative data are 
avallable on the interactions of two or more 
componentr In the mlxtura, proceed to Step 
10. 

b. If suffldent quantitative data are not 
avellable. me whatever information Ir 
available to qualltatively indicate the nature 
of potential Interactionr. Roceed to Step 11. 

combine rlsk aseessmente on compounds for 
whlcb data are adequate, and use an 

10. Use M appmprlate Interaction model to 

I 
1 
I;; 

additivity arsumption for the m m a h i q  
compoundr. b e d  to Step 11 (optional) and 
Step 12 
11. Develop a risk arsessment based on an 

additivity appmacb for all compounds In the 
mlxhue. Proceed to Step 12. 
12. Compare rlek arsesementr conducted in 

Steps 6.8. and e. Identify and jiistify the 
preferred arrersment and quantify 
uncertainty, If possible. Proceed to Step 13. 
13. Develop an Integrated rummary of the 

qualitative and quantitative assersmenb 
with rpeclal emphasis on uncertainties and 
assumptions. Classify the overall quallty of 
the risk assersment a r  Indicated in Table 2. 
stop. 
14. No rlsk assessment can be conducted 

because of Inadequate data on Lnteractionr, 
health effectr, or exposure. Qualltatively 
arresr the n a b  of any potential hazard and 
detail the typer of additional data necessary 
to rupport a rlsk assessment. Stop. 

NotecSeveral declsionr used here, 
espedally those concerning adequacy of data 
and rlmilarity between two mixtures, am not 
preclrely characterized and will require 
conolderable judgment. See text. 
m l u l m ~ ~  



- I nadeaua te 
11. Health tffects 

111. txposure 

Adequa t e  

W 
7 .  Data o n  alrturc cowoneots. 2. Data on d r t u r e  of concern? - 4. Data on slallar alrtur 

Y 

5. Mlrturcs suffl 

e 

quantlfy Interactlons? 
3. Risk aswssncnt uslng data on 6. R i s k  assessment using data 

rnlrture of concern. on slmllar alrtures. 

actions quanllflcd uhrre 
approprlatc. Use addlllvlty 

1 opt tonal 
\ 

.- 

t i  
11. Rlsk assessment uslng addlllvlty 

for all components. 

12. C W d r C  rlsk assessments froa 
steps 3. 6, 10. 11 as approprlate. 
Identlfy preferred assersaent. 

13. .Develop lntrgrrted sunnary lncludtng 

+ 

. I  
dlscusslon of uncerlalnt!es. 

rigure 1. rlow chart of the r l t k  assessment approach In Table 1. Note that It ray be deslrablr t o  conduct all three assessacnts h e n  
Possible ( \ .e. .  Ullng d i l l  on the alxture, a slallar alxturc. or the c w o n e n t s )  In order t o  make the fullest use of the.rva 
able data. Scc text for further dlscusston. 

--..rcrv 

I -  
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T a b k r t t m  sdmnm lath. 
wty o r b  Rwr AwnRnmt dtbr 
Mixhm. 
infinnation on Intemtiona 

1. h s r m e n t  ir bred on data on the 
mIxhve of concern 
U. Asaesrment ir b a d  on data on a 

rdficiendy rimiler mixture. 
ffl. Quantitative hteM&ON of components 

am well characterized. 
IV. Ihe arrumption of additlvity ir JwtlRed 

based on the natura of l e  health effectr and 
on the number of component compoundr. 

V. An assumption of additivity cannot be 
justified and no quantitative risk arserrment 
can be conducted. 

3 Heolth Effecb Infonncrtion 
A Pull health effectr data am available 

and relatlvely minor extrapolation 1, 
required. 

extenaive extrapolation requlrsd for route 
or duration of exporum or for rpscter 
differences. Thew extrapolallom are 
rupported by pharmacokinetic 
considerations, empirical obwrvationr. or 
other relevant infomatiom 

C. Pull bealtb effecb data are available. 
but extensive extrapolation Ir required for 
route or duration of exporure or for ipedes 
dlffemncea There exbapolationr am not 
d h d y  rupported by the Information 
available. 

laddng and extemive extrapolations am 
requlred for route or duration of exporum or 
for rpedee differencar. 

E A lack of health effectr information on 
the mixture and Itr cornponenu in the 
mixhum precludes a quantitative rtrk 
armament. 
&p.wm Infonnatfo# 

combination with modeUng infomation h 
ruffldent to accurately cbarscterlte human 
expoeure to tbe mlxhvs or its components. 
2 Modeling Infomallon ir ruffldent to 

reasonably characterize human exporum to 
the mixture or Its componentr. 

3. Exposum ertimates for rome components 
are laddng. uncertain, or varlable. 
Information on healtb effectr or 
environmental chedrtry ruggert that thh 
limitation la not h e l y  to rubrtantlally dfect 
the risk areessment. 

4. Not all cornponenu in the mlxtum have 
been IdentiRed or lavela of exporum am 
highly uncertain or variable. Information on . -alth effects or environmental cbemlrtry ir 
no. rufndent to asseu tbe effect of thlr 
l h l l  -tion on the rirk aroemrment. 
6.1 #e available exposum Information Ir 

inadfib qnt for conducting a rink arresrment. 

8. Pull bealtb effectr data am available but 

D. Certaln Important healtb effsctr data M 

1. Monltorlng Information eltber alone or In 

- 
Sea t a t  It* d l r ~ r l o n  of &dent #lmllu(ty. 

adequacy of & ta, lad JwUfiutfon fm rddltlvlty 
.##UUlptlonr. 

h e  the $a Culdellner for l?dnuuly 
Expoima IUS &PA leasdl for tnom canplats 
Womrtlon 011 prf- mporw a r ~ m s n t n  
and evalwlr 1 the qwllty of ex- d a h  I 

R Data Available on Similar Mixturer 
If the risk assessment is based on 

data from a single mixture that is known 
to be generated with varyiq 
compositions dependhg on time or 
different emission sources. then the 
confidence in the applicabillty of the 
data to a risk assessment also is 
diminished. This can be offset to some 
degree if data are available on several 
mixtures of the same components that 
have different component ratios which 
encompass the temporal or spatial 
differences in composition of the 
mixture of concern If such data are 
available, an attempt should be made to 
determine if significant and systematic 
differences exist among the chemical 
mixtures. If significant differences are 
noted, r a q e s  of risk can be estimated 
based on the toxicologic data of the 
various mixtures. If no significant 
differences are noted, then a single risk 
assessment may be adequate, although 
the r q e  of ratios of the components in 
the mixtures to which the risk 
assessment applies should also be given. 

mixtures of concern, but health effects 
data are available on a similar mixture 
(Le., a mixture having the same 
components but in sllghtly different 
ratios, or h a w  several common 
components but lacking one or more 
components, or h a w  one or more 
additional components), a decision must 
be made whether the mixture on which 
health effects data are available is or is 
not “euf€idently similar” to the mixture 
of concern to permit a risk aseessment. 
The determination of **sufficient 
slmllarity” must be made on a case-by- 
case basis, conaidering not only the 
uncertainties assodated with using data 
on a dissimilar mixture but also the 
uncertainties of us@ other approaches 
such as additivity. In determLnlng 
reasonable simtlarlty, consideration 
should be given to any information on 
the components that differ or are 
contained In markedly different 
p lppor t lo~  between the mixture on 
which health effects data are available 
and the mixture of concern. Particular 
emphasis should be placed on any 
toxicologic or pharmacoklnetic data on 
the components or the mixtums which 
would be useful in assessing the 
signlflcance of any chemical difference 
between the similar mixture and the 
mlxtures of concern. 

Even if a risk assessment can be made 
using data on the mixtures of concern or 
a reasonably similar mixture, it may be 
desirable to conduct a risk assessment 
based on toxlcity data on the 
componenb in the mlxtum using the 
procadwe outllned in section II.B. In the 

If no data are available on the 

case of a mixture containing carcinogens 
and toxicants, an approach based on the 
mixture data alone may not be 
sufficiently protective in all cases. For 
example, this approach for a two- 
component mixture of one carcinogen 
and one toxicant would uee toxicity 
data on the mixture of the two 
compounds. However, in a chronic study 
of such a mixture, the presence of the 
toxicant could mask the activity of the 
carcinogen. That is to say, at doses of 
the mixture sufficient to induce a 
carcinogenic effect, the toxicant could 
induce mortality so that at the maximum 
tolerated dose of the mixture, no 
carcinogenic effect could be observed. 
Since carcinogenicity le considered by 
the Agency to be a nonthreehold effect, 
it may not be prudent to construe the 
negative results of such a bioassay as 
lndicatFng the absence of risk at lower 
doses. Consequently, the mixture 
approach should be modified to allow 
the risk assessor to evaluate the 
potential for masking, of one effect by 
another, on a case-by-case bade. 
C. Data Available Only on Mixture 
Components 

If data are not available on an 
identical or reasonably similar mixture, 
the risk assessment may be based on 
the toxic or carcinogenic properties of 
the components in the mixture. When 
little or no quantitative information is 
available on the potential interaction 
among the components, additive models 
(defined in the next section) are 
recommended for systemic toxicants. 
Several studies have demonstrated that 
dose additive models often predict 
reasonably well the toxicities of 
mixtures composed of a substantial 
variety of both simllar and dissimilar 
compounds (Poaani et al., 1958, Smyth 
et el., 1m9,ifVQ Murphy, 19801. The 
problem of multiple toxicant exposure 
has been addressed by the American 
Conference of Governmental Industrial 
Hygienist8 (ACGM, lW), the 
Occupational Safety and Health 
Administration (OSHA, 1083). the World 
Health Organization (WHO, 1881), and 
the National Research Council (NRC, 
IeeOe, b). Although the focus and 
purpose of each group was somewhat 
different, all m u p s  that recommended 
an approach elected to adopt some type 
of dose additive model. Nonetheless, as 
discussed in section IV, dose additive 
models are not the moat biologically 
pluuslble approach if the compounde do 
not have the same mode of toxicologic 
action. Consequently, depending on the 
nature of the risk asaeasment and the 
available informat4on on modes of 
action and pa!tems of joint action, the 

--.-.I---- .--. , . , .. ... <. .. , .,. . , .. ,... . , .. .. ,. . . , .. . .. 
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most reasonable additive model should 
be used. 

1. SprSmic Toxiconb. For systemic 
toxicants, the current risk assessment 
methodology used by the Agency for 
single compounds most often results in 
the derivation of an exposure level 
which is not anticipated to cause 
significant adveree effects. Depending 
on the route of exposure, media of 
concern, and the legislative mandate 
guiding the risk assessments, these 
exposure levels may be expressed in a 
variety of ways such as acceptable daily 
intakes (ADIs) or reference doses 
(RfDs). levels associated with various 
margins of safety (MOS), or acceptable 
concentrations in varlous media. For the 
purpose of this discussion, the term 
*'acceptable level" (AL) will be used to 
indicate any such criteria or advisories 
derived by the Agency. Levels of 
exposure @) will be estimates obtained 
following the most current Agency 
Guidelines for Estimating Exposures 
(US. EPA, lesed). For such estimates, 
the "hazard index" (HI) of a mixture 
based on the assumption of dose 
addition may be defined as: 

w h m  

AI.- maximum acceptable level for tbe I* 

Since the assumption of dose addition is 
most properly applied to compounds 
that induce the same effect by similar 
modes of action, a separate hazard 
index should be generated for each end 
point of concern. Dose addition for 
dissimilar effects does not have strong 
scientific support, and, if done, should 
be justi€ied on a case-by-case basis in 
terms of biological plausibility. 

The assumption of dose addition is 
most clearly justified when the 
mechanisms of action of the compounds 
under consideration are known to be the 
same. Since the mechanisms of action 
for most cornpounds are not well 
underetood, the justification of the 
asrumption of dose addition will often 
be M t e d  to elmflarltiee in 
pharmacokinetic and toxicologlc 
characteristics. In any event if a hazard 
index is generated, the quality of the 
experimental evidence supporting the 
assumption of dose addition must be 
clearly articulated. 

The hazard index provides a rough 
measure of likely toxicity and requires 
cautious interpretation. The hazard 
index is only a numerical indication of 
the nearness to acceptable limits of 
exposure or the degree to which 

Mm&/&+&/AL+.  +&/A4 (U-11 

& = e x p o r ~  l ~ e l  to the I" toxicant. and 

toxicant. 

' 

acceptable exposure levels are 
exceeded. As this index approaches 
unity, concern for the potential hazard 
of the mixhm, increases. If the index 
exceeds unity, the concern is the same 
as if an individual chemical exposure 
exceeded its acceptable level by the 
same proportion. The hazard index does 
not define dose-responee relationships, 
and its numerical value should not be 
construed to be a direct estimate of risk. 
Nonetheless. if sufficient data are 
available to derive individual 
acceptable levels for a spectrum of 
effects (e.8.. MFO induction, minimal 
effects in several organs. reproductive 
effects, and behavioral effects), the 
hazard indcx may suggest what types of 
effects might be expected from the 
mixture exposure. If the components' 
variabilities of the acceptable levels are 
known, or if the acceptable levels are 
given as ranges (e+ associated with 
different marglna of safety), then the 
hazard index should be presented with 
corresponding estimates of variation or 
range. 
Most studies on systemic toxicity 

report only descriptions of the effects La 
each dose group. If dose-response 
curves are estimated for eyetemic 
toxicants, however, dose-additive or 
response-additive assumptions can be 
used. with preference given to the most 
biologically plausible assumption (see 
section IV for the mathematical details). 

2. Cumhogens. For carcinogens, 
whenever linearity of the individual 
dose-response curves has been assumed 
(usually restricted to low doses), the 
increase in risk P (also called excess or 
incremental risk), caused by exposure d, 
Is related to carcinogenic potency E. as: 

For multiple compounds, this equation 
may be generalized to: 

Thls equation assumes independence of 
action by the several carcinogens and is 
equivalent to the assumption of dose 
addition as well as to response addition 
with completely negative correlation of 
tolerance, as long as P < 1 (see section 
IV). Analogous to the procedure wed in 
equation II-1 for systemic toxicants, an 
index for n carcinogens can be 
developed by dividing exposure levels 
(E) by doses OR) a s d a t e d  with a set 
level of risk 

Note that the less linear the dose- 
response m e  Is, the less appropriate 
equations I19 and I14 will be, perhaps 
even at low doses. It should be 
emphasized that because of the 
uncertainties in estimattng dose- 

P-dB @-2) 

P = Z 4 &  In-sl 

HIn&/DR,+&/DR+. .+&/DR. @a] 

response relationships for slngle 
compounds, and the additional 
uncertainties in combining the 
individual estimate to assess response 
from exposure to mixtures, response 
rates and hazard indices may have merit 
in comparing risks but should not be 
regarded ti8 measures of abeolute ritlk. 

3. Intemctions. None of the above 
equations incorporates any form of 
synergistic or antagonistic interaction. 
Some types of information, however. 
may be available that suggest that two 
or more components in the mixt. .e mal  
interact. Such information must be 
assessed in terms of both its relevance 
to subchronic or chronic hazard and its 
suitability for quantitatively altering the 
risk assessment. 

For example, if chrmic or subchronic 
toxidty or carcinogenicity studies have 
been conducted that pennit a 
quantitative estimation of interaction for 
two chemicals, then it may be desirable 
to consider wbq equations detailed in 
section N, or modifications of these 
equations. to treat the two cornpounds 
as a e w e  toxlcant with greater or 
lesser potency than would be predicted 
h m  additivity. Other components of 
the mixture, on which no such 
interaction data are available, could 
then be separately treated in an addtive 
manner. Before such a procedure is 
adopted, however, a d~scussion should 
be presented of the likelihood that other 
compounds in the mixture may interfere 
with the interaction of the two toxicants 
on which quantitative interaction data 
are available. If the weight of evidence 
suggests that interference is likely. then 
a quantitative altsration of the risk 
assessment may not be justified. In such 
cases, the risk asseesinent may only 
indicate the likely nature of inieractions, 
either synergistic or antagonistic and 
not quantify their megnitudes. 

Other types of information, such as 
those relating to mechanisms of toxicant 
interaction, or quantitative estimates of 
interaction between two chedcsla 
derived from acute studies. are even l e v  
likely to be of use in rle quantitative 
assessment of long-term health risks. 
Usually it will be appropriate only to 
discuss these types of information. 
indicate the relevance of the information 
to subchronic or chronic exposure. and 
indicate. if poselble, the nature of 
potential interactions, without 
attempting to quantify their magnlludes. 

When the interactions are expected to 
have a minor influence on the mixture's 
toxlclty. the assessment should indicate, 
when posslble, the compounds most 
responsible for the predlcted toxicity. 
This Judgment should be based on 
predicted toxicity of each component. 
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b a d  on exposure and toxic or 
cardnogenic potential. ThIr potential 
alone rhould not be wed er an indicator 
of the chemicalr posiq the most hazard. 

4. Unce&intieu. For each risk 
aseesrment the uncertaintier rbould be 
clearly diecuered and the overall quality 
of the risk assessment rbodd be 
characterized. The scbeme outlined in 
Table 2 should be wed to expnrr the 
degree of confidence in the quallty of 
the data on interaction, health effectr 
and exposure. 

a. Health Effecte-h wme cams, 
when health effects data am incomplete, 
i t  may be possible to argue by analogy 
or quantitative rtructura-activity 
relationshipa that the compounda on 
which no health effectr data am 
available are not likely to significantly 
affect the toxicity of the mixture. If a 
risk assessment inckudee ruch an 
agument the limitations of the 
approach mwt be clearly articulated. 
Since a methodology has not been 
adopted for astimating M acceptable 
level (e.&. ADI) or cardnogenic 
potential for ringle compounda baeed 
either on quantitative rtructute-activity 
nlationshipr or on the ndt, of rbort- 
term rcreening teats. ruch methods are 
not at preaent recommended as the mole 
baris of a risk aueumant on chemical 
mixturas 

b. Exporurs UncertalntiecThe 
general uncertaltrler in expo~ure 
aseessment have been addrereed In the 
Agency'r Culdelinem for Eetimating 
Exporurer (US. EPA leeed). The risk 
asressor should dircurr thew exposure 
uncertaintier in tern of the rbsngtb of 
the evidence 4 to quantify the 
exporure. When appropriate. the 
aawsmr rhould also compare 
monitoring and modellag dnta and 
diwuor any inconristendar as a ooww 
of uncertainty. For mixhms, there 
uncertaintics may be Increaeed ar the 
number of compounds of mum 
incream. 

If levels of exposure to certain 
compounda known to k in the mixture 
a n  not available. but idonnation on 
healtb cffectr and envfmnmental 
persistence and tnuuport suggert that 
these compoundm am not likely to be 
rignificani in affect@ the toxidty of the 
mixture. then a rlrk rswrrment can be 
conducted bared on the mmainlna 
compoundr in the mixture. with 
appropriate caveats. If much M qument 
cannot be ruppated. no final Ark 
areerrnent can be performed until 
adequate monitorlng d a h  am available. 
A8 an interlm procedure. a riak 
arsesrment may be mnducted for those 
components h the mlxhvs for which 
adequate exponure and health effectr 
data are available. If the l n t h  rirk 

aswrsment doer not suggest a hazard, 
them ir sttU concern about the risk from 
ruch a mixtum because not all 
components in the mixture have been 
c o n s i d e d  

c Uncertainties Regardiag 
Composition of the h4lxture-h perhaps 
a worst caw rcenario. information may 
be laddng not only on health effecta and 
levels of exposure, but also on the 
identity of some components of the 
mixture. Analogous to the procedure 
described in the pmvlow paragreph en 
interim risk assessment can be 
conducted on thow components of the 
mixture for which adequate health 
effects and expoeure information am 
available. If the risk ir considered 
unacceptable, a coneervative approach 
Lb to present the quantitative estimates 
of rlsk along with appropriate 
qualifications regarding the 
incompleteness of the data. If no hazard 
is indicated by this partial assesement 
the risk assessment should not be 
quantified untll better health effecta and 
monitoring data am available to 
adequately characterlze the mixture 
exporum and potential hnzards. 

111 Auuumptionu and timilcrtions 
A. Information on Interactions 

Interactiom am derived from acute 
toxidty rtudies using experimental 
aalmalr in which mixhvar of two 
compounds were tested. often in only a 
ringle combination. Major areas of 
uncertalnty with the UM of ouch data 
involve the appropriateness of 
interaction data from an acute toxidty 
rtudy for quantitatively altering a risk 
areersment for rubchronic or chronic 
exposure, the appropriateness of 
interaction data on two component 
mixtures for quntitatively altering a 
risk asoeesment on a mixture of m e n d  
compoundr, and the iccuracy of 
interaction data on experimental 
animalr for quantitatively pmdlcting 
Interactiom in hum-. 

toxidty rtudier to assem the potential 
interactlom on chronic e x p o r ~  Ir 
hiahly quationable unlerr the 
mechaniun(r) of the interaction on acute 
exporum were known to apply to low- 
dore chronic exporure. Mort known 
biological mechanlumr for toxicant 
intsractlom, bowever. involve rome 
form of competl~on between the 
chdcalr or phenomena involving 
rehvrtion of a receptor rlte or metabollc 
pathway. As the doam of the toxicant, 
am dscreawd. It  Ir likely that thew 
mechadruu etther no longer will exert d; 
rtgdflcurt effect or wtll be decrsared to 

Most of the data available on toxicant 

The we of Interaction data from acute 

an extent that cannot be measured or 
approxlma ted 

The use of infoimation h m  two- 
component mixtures to aesese the 
interactione in a mixture containing 
more than two compounds also ie 
questionable from a mechanistic 
perspective. For example, if two 1 

compounds are known to interact either 
synergistically or antagonistically, , 
because of the effects of one compound 
on the metabolism or excretion of the 
other. the addition of a third compound 
which either chemically alters or affects 
the absorption of one of the fmt two 
compounds could substantially alter the 
degree of the toxicologic interaction. 
Usually, detailed studies quantifying 
toxicant lateractions are not available 
on multicompunent mixhues. and the 
few rhidies that am available on rucb 
mixtures (e+, Cullin0 et al, 19%) do not 
provide sufficient information to assess 
the effecto of interactive interference. 
Concerns with the use of interaction 

data on exprlmental mammals to 
assess interactionr in humane is based 
on the increasing appredation for 
systematic Merences among specles in 
their response to Individual chemicals. If 
systematic Merences in toxic 
sensitivity to slngle chemicals exist 
among species, then it seems reasonable 
to s w e e t  that the magnitude of toxicant 
interactions among epedes alro may 
vary in a systematic manner. 
ConeequenUy, even if excellent chronic 
data an, available on the magnitude of 
toxicant interactionr in a specier of 
experimental mammal, there is 
uncertalnty that the magnihrde of the 
lnteraction will be the eame in humans. 
Again, data am not available to properly 
aswss tire significance of thlr 
uncertainty. 
Laat it should be emphasized that 

none of the models for toxicant 
interaction cnn predict the mngnitude of 
toxicant interactions in the absence of 
extensive data. Ifsuffident data am 
available to estimate interaction 
coefncients as described in rection IV, 
then the malplitude of the toxicant 
interactiom for various proportions of 
the same components can be predicted. 
The availability of an interaction ratio 
(observed response divided by predicted 
response) ir useful only in asbeering the 
magnitude of the toxicant lnteractlon for 
the spsciflc p r ~ p o r t i o ~  of the mixture 
which war wed to generate the 
interaction ratio. 

The basic assumption in the 
mmmended approach ir that risk 
assessments on chemical mlxturer am 
best conducted using toxicologic data on 
the mixture of concern or a reasonably 
rlmllar mlxture. While rucb rlrk 
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aseeesments do not formally consider 
toxicologic Interactions as part of a 
mathematical model, it is assumed that 
mpohses in experimental mammals or 
human populations noted after exposure 
to the chemical mixture can be uaed to 
conduct risk essemmenb on human 
populations. In bioassays of chemical 
mixtures using experimental mammals. 
the same limitations inherent in species- 

compounds apply to mixtures. When 
using health effects data on chemical 
mixtures from studies on exposed 
human populations. the limitations of 
epidemiologic studies in the risk 
assessment of single compounds also 
apply to mixturea Additional limitations 
may be involved when u s b  health 
effects data on chemical mixtures if the 

conctant or if the components partltion 
in the environment. 

industrial chemicals based on acute 
lethality in rats. For most pairs of 
compounds, the ratio of the predicted 
LDm to observed LDw did not vary by 
more than a factor of 2. The greatest 
variation was seen with an equivoiume 
mixture of morpholine and toluene, io 
which the observed LOw was about 
fives times lese than the LDw predicted 
by dose addition. In a study by 

of lung cancer attributable to ranoki-g 
was 11. while the relative rid. 
assda ted  Wrth asbestos e-. 1.r. was 
5. The relative fisk of lung 
both smok.ing and asbestos eXp3sw- 
was 53, indicallng a substantial 
synergistic effect Consequently, 
cases, additivity assumptions may 
substantially underestimate risk. la 

While this is certainly an matisfactory 
situation, the available data on m i ~ ~ h v e s  
are insuffident for estimating the 
magnitude of these emm. Based on 

effects Of the mixhue Of assumptions are expected to yield 
concern Or a reaeonably mixture* generally neutral risk estimates (i.e., 
the proposed approach is to assume neither conservative nor lenient] and are 

Dose On plnueible for component compounds that 
the @esmption that the wmpnent8 in induce similar types of effects at the 
the mixture have the m e  mode of eame sites of action. action and elicit the same effects. This 
assumption d not hold hue in most IV. Mathematical Models and the 
case& at least for mixtutee of systemic Meosumment of/ointAction 

where Y, is the probit response 
associated wilh a dose of Z1 (i = 1.2). 
The potency, p. of toxicant #2 with 
respect to toxicant #l is defmed by the 
quantity ZI/& when Yl=Ya (that is 
what is meant by equitoxic doses). In 
this example, the potency. p, is 
approximately 2. Dose addition assumes 
that the response. Y, to any mixture of 
these two toxicants can be predicted by: 

'A has, aiiice p is defined as Z,/& 
equation IV-3 essentially converts ZI 
Into an equivalent dose of ZI by 
adjusting for the difference in polenc) 
A more generalized form of this 
equation for any number of toxicants is: 
Y=al +b log (fl+ L fs() +b log Z (IV-4) 
where: 

to-species extrapolation for single Hammond et al. (1979). the relative risk Y=0.3+3 log (Zi+pL) (IV-31 

. 

mme 

components in the mixture are not other -sei). fisk may be overestimated. al=&e y-intercept of the dommaponse 
equation for toxicant #-i 

&e toxicants 
b=the dope of &e dooe-response lines for 

fpthe propowon of the 1" toxicant in h e  

p,=the potency of the i" toxicant with 

Z=&e 6um of the individual doses In the 

A more detailed discussion of the 
derivation of the equations for dose 
addition is presented by F h e y  (197l). 

B. Response Addition 

B. AJditivity Models 
If sufRdmt data ara not aval'able on current information, murhve 

reepect to toxicant *I (i.e.. Z,/&), and 

mlxhus. 

toxicantn. For systelllic toxicants, 
however, most e q l e  compound risk 
aswesmenta wil l  remult in the derivation 
of acceptable levels which, as currently 
defined. cannot be adapted to the 
different fornu of mporw additivity as 
described in sectlon W. 

Additivity models can be modified to 
incorporate quantitative data on 
toxicant interactions from subchronic or 
chronic rtudiea us@ the models given 
tn section IV or modifications of thsw 
models. If this approach is taka 
however, it will be under the asoumption 
that other componentr in the mixture do 
not interfere with the measured 
Lateraction. In Dractice. mch rubchronic 
or chronic interactions data wldom will 
be avallable. Conrequently, most risk 
aueuments (on mixtures) will be b a d  
on an assumption of additivity, as long 
as the components eiidt slmilar effects. 

Dose-addiHve and nsponse-additive 
assumptions can lead to subetantial 
e m m  in risk estlaates if rynergistic or 

Although dose additivity ham been 
shown to predict the acute toxidtiee of 
many mlxhver of rimilar and dissimilar 
compounds (e.%. Panani et al., 19% 
Srnyth et d, l-, l97Q Murphy, lsaO), 
some marlred exceptions have been 
noted. For example, Smytb et aL (1870) 
tested the interaction of 53 p a h  of 

all-dmtic h t e r S d O M  occut. 

The simplest mathematical models for 
joint action assume no interaction in 
any mathematical sense. They describe 
either dose addition or ~ s p o ~ e  
addition and are motivated by data on 
acute lethal effects of mixtures of two 
compounds. 
A. Dobs Addition 

toxicantr in e mixture behave as if they 
were dilutions or concentrations of each 
other, thus the true slopes of the doee- 
response curves for the individual 
compounds am identical and the 
response elicited by the mixture can be 
predicted by summing the individual 
dows after adjusting far differenme in 
potency; thls Ir defined ar the ratio of 
eqdtoxic doses. Robit transformation 
typically makea this ratio constant at all 
doses when parallel straight linea are 
obtained. Although this aesumption can 
be applied to any model (0.8.. the onahlt 
model in NRC, l m b ) ,  it har been most 
often used h toxicology with the log- 
dose probit response model which will 
be ub(td to illustrate the aseumption of 
dose addition. Suppose that two 
toxicants show the fouowing l o g - d ~ ~  
probit rssponw equations: 

Y,-QS+S Iq t IW-1) 

Dose addition assumea that the 

Yt=ln+3 1- ZI w-2) 

The other form of additivity is 
referred to as response addition. As 
detailed by Bliss ( l ag ) .  this type of joint 
action assumes that the two toxicants 
act on different receptor systems and 
that the correlation of individual 
tolerances may range from completely 
negative (r= -1) to completely positive 
(r= +l). Response addition assumes 
that the response to a given 
concentration of a mixture of toxicants 
is completely determined by the 
responses to the components and the 
pairwise correlation coefficient. Taking 
P as the proportion of oQanisrns 
responding to a mixture of two toxicante 
which evake individual responses of P, 
and PI then 
PIP, Ur-1 w d  Pl>Pm (N-5)  
P=P.Ur=l and?:<Pa V f 4  

P=Pl+P, if r= -1 and ?<I. ( r V 4  
More generalized maihematical models 
for this form of joint action have been 
glvcn by Plackett and Hewlett (lslre). 

P=Pl+Pm ( 1 4 )  If r = O  (IV-7) 

C Interactions 
All of the above models assume no 

intaractionr and therefore do not 
incorporate measurements of synergistia. 
or antagonistic effects. For measuring 
toxicant interactions for mlrtures of tn t o  

compounds. Pinney (lW2) proposed 1 1 1 1 8  
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following rnodificotion of equation IV-4 
for dose additiori: 

Y=u,+b 108 (fi+pfa+K [ ~ f i f a ] ~ ~ )  t b  lug Z 
(1V-9) 

where al ,  b, f,, fa, p, and Z are  defincd as 
bcfore. and K is the coefficiqnt of 
irileraction. A positive value of K 
indiciitcs synergism, a negative value 
indicates antagonism. and  a value of 
zero corresponds to dose addition as in 
equation IV-4. Like other proposed 
modifications of dose addition (Hewlett, 
1%9), the equation assumes a consistent 
interaction throughout the entire range 
of proportions of individual components. 
To account for such asymmetric patterns 
of interaction a s  those observed by 
Alstott et a]. (19733, Durkin (1981) 
proposed the following modification to 
equation IV-9: 
Y=ar t b log (I, tpf,+Kifl[pfif~jaS+K,b 

lpl'tfx]'5)-t b log Z (IV-lo) 

in wt~icli  K[pf,f.JaS is divided into two 
C ~ ~ l l l ~ J ~ l : e ~ ~ S ,  K,fl(pflf~)as and K,fa(pflfi) 

Sincs K, and K, need not have the 
same sign, apparent instances of 
antngoriisrn at one receptor site ond 
synergism at  nnother receptor site can 
be estimated. When K1 and Ka are equal, 
equation IV-10 reduces to Equation 
1v-9. 

It should be, noted that to obtain a 
reasonable number of dcgrecs of 
fri.edoni in the estimation of K in 
equation IV-9 or K1 and Ka in equation 
IV-10, the t.Jxicity of several different 
combinati..;ns of the t w o  components 
niust be assayed along with assays of 
the toxicity of the individual 
components. Since this requires 
experiments with large nunil)eru of 
animals, such analyses have been 
restricted for the most part to data  from 
acute bioassays using insects (e.g., 
Finney, 1971) or aquatic organisnis 
(Durkin, 1970). Also, because of the 
coinplexity of experimental design and 
the need for large numbers of animals, 
neither equation, IV-Q nor equation IV- 
10 has been generalized or applied to 
mixtures of more than two toxicants. 
Modifications of response-additive 
models to include interactive terms have 
a190 been proposed, along with . 
appropriate statistical tests for the 
assuiiiption of additivity (Korn and Liu, 
3983; Wahrendorf e t  al., 1981). 

In the epidemiologic literature, 
mcosurements of the extent of toxicant 
interactions, S. can be  expressed es the 
ratio of obseri cd relative risk to relative 
risk predicted by some form of 
edditlvity assumption. Analogous to the 
ratio of interaction in classicol 
toxiocology studiee, S a 1 indicatus no 
inleraciion, S > l  indlcates synergism, 

and  S <I indicates clniigoriisin. Several 
niodels for both additivc and 
multiplicative risks have bceri proposed 
(e.g., Hogan et al., 1978; NRC, lU8OL; 
Walter, 1976). For instance, Rothman 
(1976) has discussed the use of the 
following measurement of toxicant 
interaction based on the assumption of 
risk additivity: 

where Rlo is the relative risk from 
compound #1 in the absence of 
compound #2, is the relative risk 
from compound #2 in the absence of 
compound #I, and RI1 is the relative risk 
from exposure to both compounds. A 
multiplicative risk model adapted from 
Walter and Iiolford (1978, equation 4) 
can  be stated as: 

As discussed by both Walter and 
Holford (1978) and Rothman (1976), the 
risk-additive model is generally applied 
to agents causing discases while the 
multiplicative model is more appropriate 
to agents that prevent discose. The 
relative merits of these and other 
indices have been the subject of 
considerable discussion in the 
epidemiologic literature (Hogan et ai., 
1978; Kupper and Hogan, 1978; Rothman, 
1978 Rothman et el., 1980; Walter a n d  
Holford, 1978). There seems to be a 
consensus that for public health 
concerns regarding causative (toxic) 
agents, the additive model is more 
appropriate. 

Both the additive and multiplicative 
models assume statistical independence 
in that the risk associated with exposure 
to both compounds in combination can  
be  predicted by the risks associated 
with separate exposure to the individual 
compounds. As illustrated by 
Sierniatycki and Thomas (19811) for 
multistage carcinogencsis. the better 
fitting statistical model will depend not 
only upon actual biological interactions, 
but also upon the stages of the disease 
process which the compounds affect. 
Consequently. there is no u priori basis 
for selecting either type of model in a 
risk assessment. A s  discussed by Stara 
e t  el. (1983). the concepts of multistage 
carcinogenesis and the effects of 
promoters and cocarciiiogens on risk are  
extremely complex issues. Although risk 
models for promoters have been 
proposed (e.g., Burns et  ai., 1983), n o  
single approach can be  recommended at 
this time. 
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Part B. Response to Public and  Science 
Advisory Ilorrrd Commenh 
I. Introduction 

This section summarizes some of the 
major issues rnised in public comments 
on the Proposed Guidelines for the 
Health Risk Assessment of Chemical 
Mixtures publishcd on January 9,1985 
(50 FR 1170). Comments were received 
from 14 individuals or  organizations. An 
issue paper reflecting public and  
externnl review coniiiicnts w a s  
prer;ented to the Chemical Mixtures 
Guidelines Pnnel of the Science 
Advisory h a r d  (SAD) on hliirch 4,1985. 
At its April 22-23, 1985, meeting. the 
SAD Panel provided the Agency with 
additional suggestions and 
recommendations concerning the 
Guidelines. This section rrlso 
summarizes the issues raised by the 
SAB. 

The SAR and public cornmentors 
expressed diverse opinions and 
addressed issues from u variety of 
perspectives. In response to comments, 
the Agency has modified or clarified 
many sections of the Guidelines, and  is 
planning to develop a technical support 
document in line with the SAB 
recommendations. The discussion that 
follows highlights significant issues 
rnised in the comments. and the 
Agency's response to them. Also. many 
minor recommendations. which do not 
warrant discussion here, were adopted 
by the Agency. 

A. Definitions 

Sevcrd coniments wcre received 
coticerning Ihe hck of definitions for 
certain key items and the ppneral 
iinderstandability of certain sections. 
Definitions h a w  been rowrittan for 
mveral terms m d  the text h:ie been 
significantly rewrittcn to clarify the 
Agency's inlent and meiining. 

Swm;il cornmentors noted !!IC lack al 
a precise definition of "mixtur ." even 
though several clnsses of mixtiiiiis arc 
discussed. In the k ! d  of c,hcn~istry. llin , 
tcrni "mixtiire" is uouaiiy diXorcnti;itc!tl 
from true solutions. with the lor.nwr 
defined as nonhomogeneous 
multicomponent systems. For these 
Guidelines. the term "mixture" is 
dcfined as ". . . any combination of t x o  
or more chemicals regardless of ~ p i ~ I i : i l  
or tcmporal homogeneity of source" 
(section 1). These Guidelines a rc  
intended to cover risk asflessments ftw 
any situation where the popule!inn is 
exposed or potentinlly exposed to tv.v 
or more compounds of conccrn. 
Consequently, the introduction has becw 
revised to clarify the intended brc!;idtIi 
of application. 

Several cornmentors expressed 
concern that "sufficient similnri!y" WHP 

difficult to define and that the 
Guidelines should give more details 
concerning similar mixtures. The 
Agency agrees and is planning respr.i.t:h 
projects to improve on the definitioi-1. 
Characteristics such as comporition nnd 
toxic end-effecte are certainly 
important. but the best indicators of 
similarity in terms of risk assessnwn! 
hnve yet to be  dctarmined. The 
discussion in the Guidelines emphi3sizes 
case-by-case judgment until the 
necessary remarch can be performed. 
The Agency considered but rejected 
adding a n  example. because i t  is no! 
likely that any single example would be 
adequate to illustrats the variety in the 
data  and types of judgments that will hc 
required in applying this concept. 
Inclusion of exnniplas i s  being 
considered for the technical support 
document. , 

B. Mixtures of Carcinogens and 
Systemic Toxicant8 

The applicribility of the preferred 
approach for a mixture of carcinogens 
and systemic (noncarcinogenic) 
toxicants was  a concern of severtil 
public commentors as well a s  the SAIL 
The Agency realizes that thc preferred 
approach of using test data  on the 
mixture itself may not be  sufficiently 
protective in all cases. For example, 
ttike a simple two-component mixture of 
one carcinogen and one toxicant. The 
preferred approach would lead to using 
toxicity data on the mixture of thc two 
compounds. However, i t  is possibln to 
set the proportions of ea(:Ii componc:nt 
so that in a chronic bioassay of such a 
mixture, the prcsencc of thc toxicnnt 
could mask the activity of the 
carcinogen. That is to say. R t  doses of 
the mixture sufficient for the carcinogen 
to induce tumors in the small 

' 
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experiniental group, the toxicant could 
induce mortality. At a lower dose in the 
same study, no adverse effects would be 
observed, including no carcinogenic 
effects. The data would then suggest use 
of a threshold approach. Since 
carcinogenicity is considered by the 
Agency to be a nonthreshold effect, i t  
may nol, be prudent to construe the 
negative results of such a bioassay as 
indicating the absence of risk at lower 
doscs. Cunsequently, the Agency has 
revised the discussion of the preferred 
approach to allow the risk assesnor to 
evulilute the potential for masking of 
curcinogenicity or other effects on a 
cesc-by-case basis. 

Another difficulty occurs with such a 
mixlure when the risk assessment needs 
to be based on data for the mixture 
components. Carcinogens and systemic 
toxicants are evaluated by the Agency 
using different approaches and generally 
are described by different types of data: 
response rates for carcinogens vs. effect 
descriptions for toxicants. The Agency 
recognizes this difficulty and 
reccimmends research to develop a new 
assessment model for combining these 
dissimilar data sets into one risk 
estimate. One suggestion in the interim 
is to present separate risk estimates for 
the dissimilar end points, including 
carcinogenic. teratogenic, mutagenic, 
and systemic toxicant components. 
111. Additivity Assumption 

N u m :  ous  comments were received 
concern; .'IS the assumption of additivity. 
including: 

a. the applicubility of additivity to 
"complex" mixtures; 

b. the use of dose additivity for 
compounds that induce different effects: 

c. the inteprettltiori of the Hazard 
Index: and 

d. the use of interaction data. 
Parts of the discussion in the proposed 
guidelines concerning the use of 
udditivitg assumptions were vague and 
have been revised in the final 
Guidelines to clarify the Agency's intent 
and position. 
A. Complex Mixtures 

l'he issue of the applicutiility of an  
assumption of additivity to complex 
mixtures containing tens or hundreds of 
components was raised in several of the 
public comments. The Agency and its 
reviewers agree that 8 s  the number of 
ccimpounds in the mixture increases, an 
assumptic,,;: of additivity will become 
less reliublt: in estimating risk. This is 
based on the fact that each component 
esiimate of risk or an acceptable level is 
associcited with some error and 
uncertainty. With current knowledge, 
the uncertainty will increase a3 the 

number of componeiits increases. In any 
event, little experiniintnl data are 
available to determine the general 
change in the error a s  the mixture 
contains more components. The Agency 
has decided that a limit to the number of 
components should not be set in these 
Guidelines. However, the Guidelines do 
explicitly state that as the number of 
compounds in the mixture increases, the 
uncertainty associated with the risk 
tlssessment is also lihely to increase. 
B. Dose Additivity 

Commentors were concerned about 
what appeared to be a recommendation 
of the use of dose additivity for 
compounds that induce different effects. 
The discussion following the dose 
additivity equation was clarified to 
indicate that the act of combining all 
compounds, even if they induce 
dissimilar effects, is a screening 
procedure and not the preferred 
procedure in developing a hazard index. 
The Guidelines were further clarified to 
state that dose [or response) additivity 
is theoretically sound, and therefore 
best applied for assessing mixtures of 
siniilar acting components that do not 
interact. 
C. Interpretation of the Hazard Index 

Several coniments addressed the 
potentiill for misinterpretation of the 
hazard index, and some questioned its 
validity, suggesting that it mixes science 
und value judgments by using 
"acceptable" levels in the calculation. 
The Agency agrees with the possible 
confusion regarding its u5e and has 
revised the Guidelines for clarification. 
The hazard index is an easily derived 
restatement of dose additivity, and is, 
therefore, most accurate when used with 
mixture components that have similar 
toxic action. When used wi,th 
components of unknown or dissimilar 
tlction, the hazard index is less accurate 
and should be interpreted only as a 
rough indication of concern. As with 
dose addition, the uncertainty 
associated with the hazard index 
increases as the number of components 
increases, so that it is less appropriate 
for evaluating the toxicity of complex 
mixtures. 
D. Use of Interaction Duto 

A few cornmentors suggested that any 
interaction data should be used to 
quantitatively alter the risk assessment. 
The Agency disagrees. The current 
information on interactions is meager, 
with only a few studies comparing 
response to the mixture with that 
predicted by studics on components. 
Additional uncertcclntics include 
exposure viiriutioiid due to changes in 

composition, mixture dose, and species 
differences in the extent of the 
interaction. The Agency is constructing 
un interaction data base in un attenipt to , 
answer some of these issues. Other 
comments concerned the use of different 
types of interaction data. The Guidelines 
restrict the use of interaction data to 
that obtained from whole animal 
bioassays of a duration appropriate to 
the risk assessment. Since such data are 
frequently lacking, at least for chronic or 
subchronic effects, the issue is whether 
to allow for the use of other informotion 
such as acute data. in vitro data, or 
structure-activity rela tionships to 
quantitatively alter the risk assessment, 
perhaps by use of a safety factor. l'he 
Agency believes that sufficient scientific 
support does not exist for the use of 
such data in any but a qualitative 
discussion of possible synergistic or 
antagonistic effects. 
IV. Uncertainties and the Sufficiency of 
the Data Base 

In the last two paragraphs of section I1 
of the Guidelines, situations are 
discussed in which the risk assessor is 
presented with incomplete toxicity, 
monitoring, or exposure data. The SAB, 
as well a s  several public cornmentors, 
recommended that the "risk 
management" tone of this section be 
modified und that the option of the risk 
assessor to decline to conduct tl risk 
ussessment be made more explicit. 

This is a difficult issue that must 
consider not only the quality of the 
avtlilable data for risk assessment, but 
also the needs of the Agency in risk 
management. Given the types of poor 
data often available, the risk assessor 
may indicate that the risk assessment is 
based on limited information and thus 
contains no quantification of risk. 
Nonetheless, in any risk assessment, 
substantial uncertainties exist. I t  is the 
obligation of the risk assessor to provide 
an assessment, but also to ensure that 
all the assumptions and uncertainties 
are articulated clearly and quantified 
whenever possible. 

The SAB articulated several other 
recommendations related to 
uncertainties. all of which have been 
followed in the revision of the 
Guidelines. One recommendation was 
that the summary procedure table also 
be presented as a flow chart so that all 
options are clearly displayed. The SAB 
further recommended the development 
of a system to express the level of 
confidence in the various steps of the 
ribk assessment. 

The Agency has revised the summary 
trrble to prelrent four major options: risk 
cissessment using dtitil on the mixture 
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itself. diita on a similar m i h e ,  data on 
the mixture's components, or declining 
to quantify the risk when the data  are  
inadequate. A flow chart of this table 
has also beon added to more clearly 
depict the various options and to suggest 
the combining of the several options to 
indicate the VariaOility and uiicertainties 
in the risk assessment. 

To determine the adequacy of the 
data, the SAB also recommended the 
development of a system to express the 
level of confidcnct! associated with 
various steps in the risk assessment 
process. The Agency has  developed n 
rating scheme to describe dota quality in 
three areas: interaction, health effects, 
and exposure. This classification 
provides a range of five levels of data 
quality for each of thc three areas. 
Choosing the last level in any area 
results in declining to perform a 
quantitative risk assessment due to 
inadequate data. These last levels are  
described as follows: 
Interactions: 

An assumption of additivity cannot be  
justified, and no quantitative risk 
assessment ciin bo conducted. 

A lack of hciilth cffw:t?1 information on 
the mixture iintl its components 
precludes a quantitative risk 
tlssessment. 

Health effects: 

Exposurc: 
The avni la l i l~  exposure information is 

insufficient for conducting a risk 
assessment. 

Several cornmentors, including the 
SAB, emphasized the irnportnnce of not 
losing these cliisaifications and 
uncertainties further irlong in the risk 
managemeiit process. The discussion of 
uncertainties has  been expanded in the 
final Guidelines and includes the 
recommendation that a discussion of 
uncertainties ond assumptions be 
includcd nt every s tep of the regulatory 
process that uses risk nssessment. 

Another SAD comment was  that the 
Guidelines should include additional 
procedures for mixtures with more than 
one end point or effect. The Agency 
agrees that these are  concerns and  
revised the Guidelines to emphasize 
thcse ns additional uncertainties worthy 
of further research. 
K Nced /or D Technical Support 
Documtent 

The third major SAB comment 
concerned the necessity for a separate 
technical support document for these 
Guidelines. The SAB pointed out that 
thc scientific rind technicd background 
from which thcse Guidelines must draw 
their validity is so broad and varied that 
i t  cannot re;wmnhly be Rynthesized 

within the franiework cf i i  bricf set. of 
guidelines. The Agenr:y is dc:veloping a 
technical support doci!vient.thq t will 
summarize the nva i la l i ,  information on 
health effccte from cheniit.:ijl mix!rires, 
and on intornction mec:hanisma: as wcll 
as identify end develop rnathemnticHl 
models and statistical techniques to 
support these Guidelines. This dociimenf 
will also identify critical gaps and 
research needs. 

for examples on the use of the 
Guidelines. The Agency has dccidr:tl to 
include examples in thc technical 
support document. 

concerned the identification of rc!seorch 
needs. Because little emphasis has  been 
placed on the toxicology of mixtures 
until recently, the informHtion on 
mixtures is limited. The SAB pointed out 
that identifying research needs is critical 
to the risk assessment process, and the 
EPA should ensure that these needs arc 
considered in the research planning 
process. The Agency will in1 lutle a 
section in the tcxhnicol supli. :rt 
document that identifies research nc:c!de 
regardin,g both inethodology and dafa. 
(FR Doc. Ro-19603 Filed %23-Iu1; 8% rim1 

Several comments addresscd the need 

Another issue raised by the SAD 
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Guldelltwm for tho H d t h  buumont  
of Swpoct DovolopnnntrJ Toxlcurb 
A a m  U.S. Envimnmental Protection 
Agency P A ) .  
ACTIOM Final Guidelines for the Health 
Assessment of Suspect Developmental 
Toxicants. 

SUYWV: The U.S. Environmental 
Protection Agency is today iesuIq five 
guidelines for assessing the health risks 
of environmental pollutants. These are: 
Guidelines for Carcinogen Rlsk 

Guidelines for Estimating Exposures 
Guidelines for Mutagenicity Risk 

Assessment 
Guidelines for the Health Assessment of 

Suspect Developmen tal Toxican te 
Guidelines for the Health Risk 

Assessment of Chemical Mixhues 
This notice contains the Guidelines for 
the Health Assessment of Suspect 
Developmental Toxicants; the other 
guidelines appear elsewhere in today's 
Federal Register. 

Assessment of Suspect Developmental 
Toxicants (hereafter "Guidelines") are 
intended to guide Agency analysis of 
developmental toxicity data in line with 
the policies and procedures established 
in the statutes administered by the EPA. 
These Guidelines were developed as 
part of an interoffice guidelines 
development program under the 
auspices of the Office of Health and 
Environmental Assessment (OHEA) in 
the Agency's Office of Research and 
Development. They reflect Agency 
Consideration of public and Science 
Advisory Board (SAB) comments on the 
Proposed Guidelines for the Health 
Assessment of Suspect Developmental 
Toxicants published November 23, letu 
(49 1% 483Ur). 

This publication completes the first 
round of risk assessment guidelines 
development. These Guidelines will be 
revised, and new guidelines will be 
developed, as appropriate. 
LPRCTlVlC D A m  The Guidelines will be 
effective September 24,1988. 
FOR NRTMm I N t ~ ~  C O W A C E  
Dr. Carole A. Klmmel, Reproductive 
Effects Assessment Group, Office of 
Health and Environmental Ascesement 
(RD688), U.S. Environmental Protection 
Agency, 401 M Street, SW., WasNngton, 
DC u#80.202382-7331. 
u I p 9 u Y U I I A R Y  I W O W A T H m :  In 1883, 
the National Academy of Sciences 
(NAS) published its book entitled Rilvk 

- 3 

Assessment 

The Guidelines for the Health 

r , " - e . - - .  pc.. .,,,.. .... ̂ I  ,-,-7. -9, 

Assessment in the Fedeml Governmenl: 
Managing the h e m .  In that book, the 
NAS recommended that Federal 
regulatory agencies establish "inference 
guidelines" to ensure consistency and 
technical quality in risk assessments 
and to ensure that the risk assessment 
process was maintained as a scientific 
effort separate from risk management. A 
task force within EPA accepted that 
recommendation and requested that 
Agency scientists begin to develop such 
guidelines. 
General 

products of a two-year Agencywide 
effort, which has included many 
scientists from the larger scientific 
community. These guidelines set forth 
principles and procedures to guide EPA 
scientists in the conduct of Agency risk 
assessments, and to inform Agency 
decision makers and the public about 
these procedures. In particular, the 
guidelines emphasize that risk 
assessments will be conducted on a 
case-by-case basis, giving full 
Consideration to all relevant scientific 
information. This case-by-caae approach 
means that Agency experts review the 
scientific information on each agent and 
use the most scientifically appropriate 
interpretation to assess risk. The 
guidelines also stress that this 
information will be fully presented in 
Agency risk assessment documents, and 
that Agency scientists will identify the 
strengths and weaknesses of each 
assessment by describing uncertainties, 
assumptions, and limitations, as  well as 
the scientific basis and rationale for 
each assessment. 

Finally, the guidelines are formula led 
in part to bridge gaps in risk assessment 
methodology and data. By identifying 
these gape and the importance of the 
missing infomation to the risk 
assessment process. EPA wishes to 
encourage research and analysis that 
will lead to new risk assessment 
methods and data. 
Guidelines for the Health Assessment of 
Suspect Developmental Toxicants 

Work on the Guidelines for the Health 
Assessment of Suspect Developmental 
Toxlcants began in January 1984. Draft 
guidelines were developed by Agency 
work groups composed of expert 
scientists from throughout the Agency. 
The drafts were peer-reviewed by 
expert scientists in the field of 
developmental toxicology from 
universities, environmental groups, 
Industry, labor, and other governmental 
agencies. They were then proposed for 
public comment in the Federal Register 
(49 FR 16324). On November 9,1684, the 
Administrator directed that Agency 

The guidelifies published today are 

offices use the proposed guidelines in 
performing risk assessments until final 
guidelines become available. 

After the close of the public comment 
period, Agency staff prepared 
summaries of the comments, analyses of 
the malor issues presented by the 
commentore, end preliminary Ag'ency 
responses to those comments. These 
analyses were presented to review 
panels of the SAB on March 4 and April 
22-23.1985. arid to the Executive 
Committee of the SAB on April 25-26, 
1985. The SAB meetings were 
announced In the Federal Register as 
follows: February 12.1985 (50 FR 5811) 
and April 4,1985 (50 FR 13420 and 
13421). 
In a letter to the Administrator dated 

June 19.1985, the Executive Committee 
generally concurred on all five of the 
guidelines, but recommended certain 
revisions, and requested that any 
revised guidelines be submitted to the 
appropriate SAB review panel chairman 
for review and concurrence on behalf of 
the Executive Committee. As described 
in the responses to comments (see Part 
B: Response to the Public and Science 
Advisory Board Comments), each 
guidelines document was revised, where 
appropriate, consistent with the SAB 
recommendations, and revised draft 
guidelines were submitted to the panel 
chairmen. Revised draft Guidelines for 
the Health Assessment of Suspect 
Developmental Toxicants were 
concurred on in a letter dated July 28, 
1885. Copies of the letters are available 
at the Public Information Reference 
Unit, EPA Headquarters Library, as 
indicated elsewhere in this notice. 

Part A contains the Guidelines and 
Part B, the Response to the Public and 
Science Advieory Board Comments (a 
summary of the major public comments, 
SAB comments, and Agency responses 
to those comments). 

The SAB suggested that the Agency 
pursue additional follow-up work on 
quantitative risk assessment. Several 
efforts are currently underway within 
the Agency on quantitative risk 
assessment models and procedures, the 
relationship of maternal and 
developmental toxicity, and the 
evaluation and interpretation of 
postnatal studies. In addition, a 
document addreeslng research needs is 
being prepared to highlight those areas 
that are in need of further study. 

The Agency is continuing to study the 
risk assessment issues raised in the 
guidelines and will revise these 
guidelines in line with new information 
as appropriate. 

References, supporting documents, 
and comments received on the proposed 

Following this Preamble are two parte: 
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guidelines, as well as copies of the final 
guidelines, are available for inspection 
and copy@ at the Public Information 
Reference Unit (ZOZ-38Z-5926), EPA 
Headquartera Library, 401 M Street, SW, 
Washington. DC, between the h o r n  of 
8 a  a.m. and 4:30 p.m. 

I certify that thene Guidelines are not 
major rules as defined by Executive 
Order 12291, because they am 
nonbinding policy statements and have 
no direct effect on the regulated 
community. Therefore, they will have no 
effect on costs or prices, and they will 
have no other significant adverse effects 
on the economy. These Guidelines were 
reviewed by the Office of Management 
and Budget under Executive Order 
12291. 

Lee M. Thorns, 
Administmtor. 
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Part A Guidebes for the Health 
Assessment of Suspect Developmental 
Toxican!s 

I. Introduction 
These Guidelines describe the 

procedures that the U.S. Envimnmental 
Protection Agency will follow in 
evaluating potential developmental 
toxicity associated with human 
exposure to environmental toxicants. In 
1960, the Agency sponsored a 
conference that addressed issues related 
to such evaluations (1) and provided 
some of the scientific basis for these risk 
assessment Guidelines. The Agency's 
authority lo regulate substances that 
have the potential to interfere adversely 
with human development is derived 
from a number of statutes which are 
implemented through multiple offices 
within the Agency. Because many 
different offices evaluate develcomental 
toxicity, there is a need for intra-Agency 
consistency in the approach to assess 
these types of effects. Tha procedures 
described here will promote coneis tency 
in the Agency's assessment of 
developmental toxic effects. 

The developmental toxicity 
assessments prepared pursuant to these 
Guidelines will be utilized within the 
requirements and constraints of the 
applicable statutes to arrive at 
regulatory decisions concerning 
developmental toxicity. These 
Guidelines provide a general format for 
analyzing and organizing the available 
data for conducting risk assessments. 
The Agency previously has issued 
testing guidelines (2.3) that provide 
protocols designed to determine the 
potential of a test substance to induce 
structural and/or other abnormalities in 
the developing conceptus. These risk 
assessment Guidelines do not change 
any statutory or regulatory prescribed 
standards for the type of data necessary 
for regulatory action, but rather provide 
guidance for the interpretation of studies 
that follow the testing guidelines, and in 
addition, provide limited information for 
interpretation of other studies (e.g., 
epidemiologic data, functional 
developmental toxicity studies, and 
short-term tests) which are not routinely 
required, but whlch may be encountered 
when reviewing data on particular 
agents. Moreover, risk assessmert is just 
one component of the regulatory process 
and defines the adverse health 
consequences of exposure to a toxlc 
agent. The other component, risk 
mananement, combines risk aseesement 

with the directives of the enabling 
regulatory legislation, together with 
socioeconomic, technical, political, and 
other considerations, to reach a decision 
as to whether or how much to control 
future exposure to the euepected toxic 
agent. The issue of risk management will 
not be addressed in these Guidelines. 

The background incidence of , 
developmental defects In the human 
population is quite larde. For ?yamplp. 
approximately 50% of human 
conceptuses fail to reach term (4): 
approximately 3% of newborn children 
are found to have one or more 
significant congenital malfonnations at 
birth, and by the end of the first 
postnatal year, about 3% more are found 
to have serious developmental defects 
(5.0). Of these, it is estimated that 20% 
of human developmental defects are of 
known genetic transmission, 10% are 
attributable to known environmental 
factors, and the remainder result from 
unknown causes (7). Approximately 
7.496 of children are reduced in weight at 
birth (i.e., below 2500 g) (8). Exposure to 
agents affecting development can result 
in multiple manifestations 
(malformation, functional impairment, 
altered growth, and/or lethality). 
Therefore, assessment efforts should 
encompass a wide array of adverae 
developmental end points, such as  
spontaneous abortions, stillbirths. 
malformations, early postnatal 
mortality, and other adverse functional 
or physical changes that are manifested 
postnatally. 

Numerous agents have been shown to 
be developmental toxicants in animal 
test systems (e). Several of them have 
also been shown to be the cause of 
adverse developmental effects in 
humans, including alcohol, aminopterin, 
busulfan, chlorobiphenyls, 
diethylstilbestrol, isotretinoin, organic 
mercury, thalidomide, and valproic acid 
(10,1l, 12.13). Although a number of 
agents found to be positive in animal 
etudes have not shown clear evidence 
of hazard in humane. usually the human 
data available are inadequate to 
determine a cause and effect 
relationship. Comparisons of human and 
animal data have been made for a 
limited number of agents that are 
positive in humans (13,14). In these 
comparisons, there was almost always 
concordance of effects between humans 
and at least one species tested; also, the 
minimally effective dose (MED) for the 
most sensitive animal species was 
approximately 0.5 to 50 times tho human 
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MED, not accounting for differences in 
the incidence of effect at the MED. Thus, 
there i e  eome 1Mted bade for 
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aeeumptione, ecientific judgmente, and, 
to the extent poeeible, e e h a t e s  of the 
uncertaintiee. 

variatione. Other tendnology that ie 
often ueed, but no better defined, 
includee anomalies. deformationa. and 

eetimating the riek of exposure to human 
development baaed on data from animal 
etudiee. 

The National Reeearch Council (15) 
hae defined riek aseeeement ae being 
comprieed of some or all of the following 
cornponente: hazard identification. dose- 
reeponee aeeeeement, expoeure 
aeeeenment, and riek characterization. In 
general, the proceea of aeeeeejn8 the risk 
of human developmental toxicity may 
be adapted to thie format. However, due 
to epecial coneideratione In aeeeesing 
developmental toxicity, which will be 
diecueeed later in theee Guidelines, It  is 
not alwaye poeeible to follow the exact 
etandarde ae defined for each 
component. 

Hazard Identification ie the 
qualitative riek aeeeeement in which all 
available experimental animal and 
human data are ueed to determine if an 
agent le likely to cauee developmental 
toxicity. In considering developmental 
toxicity, theee Gddelinee will addreee 
not only malformations, but aleo fetal 
wastage, growth alteration, and 
functional abnormalitiee that may result 
from developmental exposure to 
environmental agents. 

The doee-response aeeessment 
defines the relationehip of the dose of an 
agent and the occurrence of 
developmental toxic effecte. According 
to the National Research Council (15), 
this component would usually include 
the results of an extrapolation from high 
doses administered to experimental 
animals or noted in epidemiologic 
etudies to the low expoeure levels 
expected for human contact with the 
agent in the environment. Since at 
preeent there are no aathematical 
extrapolation models that are generally 
accepted for developmental toxicity, the 
Agency, for the moat part, ueee 
uncertainty (safety) factors and margins 
of safety, which will be dlscussed In 
theee Guidelines. Appropriate models 
are being eought by the Agency for 
application to data in this area. 

The expoeure aeeeeement identifies 
populatione expoeed to the agent, 
deecribee their compoeitian and elze, 
and preaente the types, magnitudes, 
frcquenclee, and durations of expoeure 
to the agent. 

In riek characterizatlon, the exposure 
aeeeeement and the doee-reeponse 
aeeeeernent are combined to estimate 
eome meaeure of tlie risk of 
developmental toxicity. As part of risk 
characterization, a summary of the 
etrengths and weaknesses in each 
component of the assesement are 
presented along with major 

If. Definitions and Terminofogy 

differences in the uee of terme in the 
field of developmental toxicology. For 
the purpoeea of theee Guidelines the 
following definltione and terminology 
will be uaed. 

Devefopmental Toxicofogy-The 
etudy of adverse effects on the 
developing organiem that may reeult 
from exposure prior to conception 
(either parent), during prenatal 
development, or poetnatally to the time 
of sexual maturation. Adveree 
developmental effecte may be detected 
at any point In the life epan of the 
organism. The major manlfeetatione of 
developmentai toxicity include: (1) 
death of the developing organiem, (2) 
shuctural abnormality, (3) altered 
growth, and (4) functional deficiency. 

Einbwotoxicity and Fetotoxicity- 
Any toxic effect on the concoptue ae a 
reeult of prenatal expoeure; the 
dletingulehlng feature between the two 
terms ie the etage of development during 
which the injury occurred. The terne, as 
ueed here, include malformations and 
variatione, altered growth, and in utem 
death. 

Altered GmwLh-An alteration in 
offspring organ or bodv weight or eke. 
Changee in body weight may or may not 
be accompanied by a change in crown- 
rump length and/or in ekeletal 
oeeification. Altered growth can be 
induced at any etage of development, 
may be revereible, or may reeult in a 
permanent change. 

Toxicofogy-The etudy of the caueee, 
mechanleme, and madeetatione of 
alterationa or delaye in functional 
competence of the organism or organ 
eyetem following expoeure to an agent 
during critical periods of development 
pre- and/or poetnatally. 
Ma ffonnations and Variationt+A 

malformation is usually defined as a 
permanent ehuctural change that may 
advereely affect eurvival, development, 
or function. The term temtogenicity, 
which ie ueed to describe theee typee of 
structural abnormalities, will be ueed in 
theee Guidelinee to refer only to 
structural defecte. A variation 1s used to 
indicate a divergence beyond the ueual 
range of structural conetltution that may 
not advereely affect ewiva l  or health. 
Dletlngulehlng between variations and 
malformations 1s dlfflcult eince there 
exists a continuum of reseponees from 
the normal io the extreme deviant. 
There is no generally accepted 
claeslfication of malfonnatlona and 

The Agency recognizes that there am 

finctional Developmental 

aberrntione. 
III. Qualitative Assessment (Hazard 
Iden titication of Developmental 
Toxicante) 

Developmental toxicity ie exprqeeed 
ae one or more of a number of poeeible 
end pointe that may be used for 
evaluating the potential of an agent to 
cauee abnormnl development The four 
typee of effecte on the conceptus that 
may be produced by developmental 
expoeure to toxicants include death, 
etructural abnormality, altered growth, 
and functional deficite. Of theee, the 
firet three typee of effecte are 
traditionally meaeured in laboratory 
animals ueing the conventional 
developmental toxicity (aleo called 
teratogenicity or Selpnent II) teeting 
protocol ae well ae In other etudy 
protocole, such aa the multigeneration 
etudy. Functional deficite are eeldom 
evaluated in routine ehidiee of 
environmental agente. "hie section will 
discuse the end pointe examined in 
routinely ueed protocole ae well ae ths 
evaluation of data from othsr typee of 
etudiee, including functional etudiee and 
ehort-term teete. Tranaplacental 
carclnogeneeis, another type of 
developmental effect, will not be 
diecueaed in detail here eince, at 
preeent, it is coneidered more 
appropriate to uee the Guidelinee for 
Carcinogen Riek Aeeeesment (18) for 
aeeeesiq the human riek for theee typee 
of effecte. Aleo, mutational events may 
occur ae part of developmental toxicity, 
and in practice, are diffcult to 
diecriminate from other poeeible 
mechanieme of developmental toxicity. 
The Gddelinee for Mutagenicity Riek 
Aeeeeement (17) ehould be coneulted in 
caeee where genetic damage ie 
euepected. 
A. Laboratory Animal Studiee of 
Developmental Toxicity: End Pointe and 
Their Interpretation 

The moat commonly ueed protocol for 
aeeeeeing de lrelopmental toxicity in 
laboratory animale involvee the 
admlnietration of a teat aubetance to 
pregnant animale (ueually mice, rate, or 
rabbits) during the period of major 
organogeneaie, evaluation of maternal 
reeponeee throughout pregnancy, and 
examination of the dam and the uterine 
contente juet prior to term (2,3,18,19, 
20). Other protocola may uee expoeure 
periods of one to a few daye to 
investigate periods of particular 
eeneitivity for induction of anomaliee in 
epeciflc organa or organ eyetema (21). In 
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addition, developmental toxicity may be 
evaluated in studies involving exposure 
of one or both parents prior to 
conception, of the conceptus during 
pregnancy and over several generations, 
or of offspring during the late prenatal 
and early postnatal periods. These 
Guidelines are intended to provide 
infonnation for interpreting 
developmental effects related to any of 
these types of exposure. Since many of 
the end points evaluated also are 
related to effects on the parental 
reproductive systems, these Guidelines 
will be used in conjunction with those to 
be published in the future by EPA on 
male and female reproductive toxicity. 

Study designs should include a high 
dose, which produces some maternal or 
adult toxicity (i.e.. a level which at the 
least produces marginal but significantly 
reduced body weight, weight gain, or 
specific organ toxicity, and at the most 
produces no more than 10% mortality]: a 
low dose, which demonstrates a no 
observed effect level [NOEL) for adult 
and offspring effects; and at least one 
intermediate dose level. A concurrent 
control group treated with the vehicle 
used for agent administration should be 
included. The route of exposure should 
be based on expected human exposure 
considerations, although data from other 
routes may sometimes be useful, 
especially if supported by 
pharmacokinetic information. Test 
animals should be selected based on 
considerations of species, strain, age, 
weight, and health statue, and should be 
randomized to dose groups in order to 
reduce bias and provide a basis for 
performing valid statistical teste. 

The next three sections discuss 
individual end points of maternal and 
developmental toxicity as measured in 
the conventional developmental toxicity 
study. the multigeneration study, and, on 
occasion, in postnatal studies. Other end 
points specifically related to 
reproductive toxicity will be covered in 
the relevant reproductive toxicity 
guidelines. The fourth section deals with 
the integrated evaluation of all data, 
including the relative effects of exposure 
on maternal animals and heir  offspring, 
which is important in assessing the level 
of concern about a particular agent. 

1. End Points of Maternal Toxicity. A 
number of end points that may be 
observed as possible indicators of 
maternal toxicity are listed in Table 1. 
Maternal mortality is an obvious end 
point of toxicity; however, a number of 
other end points can be observed which 
may give an indication of the subtle 
effects of an agent. For example, in well- 
conducted studies. the fertility and 
gestation indices provide information on 

the general fertility rate of the animal 
stock used and are important indicators 
of toxic effects if treatment begins prior 
to mating or implantation. Changes in 
gestation lensth may indicate effects on 
the process of parturition. 

Table %-End Points of Maternal 
Toxidty 
Mortality 
Fertility Index [no. with eeminal plugs or 

Gestation Index (no. with implante/no. 

Gestation Length (when allowed to 

Body Weight 

aperm/no. mated) 

with eeminal plugs or sperm) 

deliver pups) 

Treatment days [at least first, middle, 

Sacrifice day 

Throughout gestation 
Duriq treatment (including 

increments of time within treatment 
period) 

Post-treatment to sacrifice 
Corrected maternal [body weight 

change throughout gestation minus 
gravid uterine weight or litter 
weight at sacrifice) 

Organ Weights [in cases of suspected 
specific organ toxicity) 
Absolute 
Relative to body weight 

Food and Water Consumption [where 
relevant) 
Clinical Evaluations [on days of 

treatment and at sacrifice) 
Types and incidence of clinical eigne 
Enzyme markere 
Clinical chemistries 

Gross Necropsy and Histopathology 
Body weight and the change in body 

weight are viewed collectively as 
indicators of maternal toxicity for most 
species, although these end points may 
not be as useful in rabbits, because 
body weight changes in rabbits are not 
good indicators of pregnancy statue. 
Body weight changes may provide more 
information than a daily body weight 
measured during treatment or during 
gestation. Changes in weight during 
treatment could occur that would not be 
reflected in the total weight change 
throughout gestation because of 
compensatory weight gain that may 
occur following treatment but beforo 
sacrifice, For this reason, changes in 
weight during treatment can be 
examined as another indicator of 
maternal toxicity. 

Changes in maternal body weight 
corrected for gravid uterine weight at 
sacrifice may indicate whether the effect 
is primarily maternal or fetal. For 
example, them may be a significant 
reduction in weigh! gain throughout 
gestation and In gravid uterine weight, 

and last treatment days) 

Body Weight Change 

. . . - ., , ,.. .I.... I . , .  ..., . . I .  . . 

but no change in corrected maternal 
weight gain which would indicate 
primarily an intrauterine effect. 
Conversely, a chonge in corrected 
weight gain and no change in gravid 
uterine weight suggests primarily 
maternal toxicity and little or no 
intrauterine effect. An alternate estimate 
of maternal weight change during 
gestation can be obtained by subtracting 
the sum of the weights of the fetuses. 
However, this weight doee not include 
the uterine tissue, placental tissue, or 
the amniotic fluid. 

Changes in other end points should 
also be determined. For example, 
changes in relative and absolute organ 
weights may be signs of a maternal 
effect when an agent is suspected of 
causing specific organ toxicity. Food 
and water consumption data are useful. 
especially if the agent is adminietered in 
the diet or drinking water. The amount 
ingested [total and relative to body 
weight) and the dose of the agent 
[relative to body weight) can then be 
calculated, and changes in food and 
water consumption related to treatment 
can be evaluated along with changes in 
body weight and body weight gain. Data 
on food and water consumption are also 
useful when an agent is suspected of 
affecting appetite, water intake, or 
excretory fimction. Clinical evaluations 
of toxicity may also be used ae 
indicators of maternal toxicity. Daily 
clinical observations may be useful in 
describing the profile of maternal 
toxicity. Enzyme markers and clinical 
chemistries may be useful indicators of 
exposure but must be interpreted 
carefully as to whether or not a change 
constitutes toxicity. Gross necropsy and 
histopathology data (when specified in 
the protocol) may aid in determining 
toxic dose levels. 

2. End Points of Developmental 
Toxicity. Because the maternal animal, 
and not the conceptus, is the individual 
treated during gestation, data generally 
should be calculated as incidence per 
litter or as number and percent of litters 
with particular end points. Table 2 
indicates the way in which offspring and 
litter end points may be expressed. 
Table 2.-End Points of Developmental 
Toddty 
Litters with implants 
No. implantation eites/dam 
No. corpora lutea (CL)/dam 
Percent preimplantation lose 

(CL-implantations) x 100. 

CL 
No. and percent live offspringllitter 
No. and percent reeorptione/litter 
No. and percent litters with 

- 

resorption8 
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No. and percent late fetal deatha/litter 
No. and percent nonlive (late fetal 

deathe+resorptione) implante/litter 
No. and percent litters with nonlive 

implants 
No. and percent affected 

(nonlive+ malformed) implants/ 

No. and percent litters with affected 
implants 

No. and percent litten, with total 
resorption8 

No. and percent etillbirths/litter 

No. and percent littere with live 
offspring 

No. and percent live offspring/litter 
Viability of offspring 
Sex ratiollitter 
Mean offspring body weight/litter 
Mean male body weight/litter 
Mean female body weightllitter 
No. and percent externally malformed 

offspring/litter 
No. and percent viscerally malformed 

offspring/litter 
No. and percent skeletally malformed 

offspring/li tter 
No. and percent malformed offspring/ 

litter 
No. and percent litten, with 

malformed offspring 
No. and percent malformed males/ 

litter 
No. and percent malformed females/ 

litter 
No. and percent offspring with 

variatione/litter 
No. and percent litters having 

o f f ~ p h g  with variations 
Types and incidence of individual 

malformations 
Types and incidence of individual 

variations 
Individual offspring and their 

malformations and variations 
(grouped according to Utter and 
dose) 

Clinical signs 
Gross necropsy and histopathology 

Important when treatment begins prior to 
implantation. May be difficult In mice. 

Oflspring refen both to fetuses observed 
prior to tern or to pups following blrlh. The 
end polnts examined depend on the protocol 
used for each rtudy. 

Measured at selected intervals until 
termlnation of h e  study. 

When treatment begins prior to 
implantation, an increase in 
preimplantation lose could indicate an 
ndverse effect either on the developing 
blaetocyet or on the process of 
implantation itself. If treatment begins 
around the time of Implantation (Le., day 
e of Restation in the mouse, rat, or 
rabbit), an increase in preimplantation 
loss probably reflects normal variability 

- G  litter 
I 

Litters with live offspring ’ 

in the animals be@ used, but the data 
should be examined carefully to 
determine whether or not the effect is 
dose related. If preimplantation lose is 
related to dose in either case, further 
studies would be necessary to determine 
the mechanism and extent of such 
effects. 

The number and percent of live 
offspring per litter, baaed on all litters, 
may include litters that have no live 
implants. The number and percent 
reeorptione or late fetal deaths per litter 
gives some indication of when the 
conceptus died, and the number and 
percent nonlive implants per litter 
(postimplantation loss) is a combination 
of reeorptione and late fetal deaths. The 
number and percent of litten, showing 
an increased incidence for these end 
points is generally useful but may be 
less useful than incidence per litter 
because, in the former case, a litter is 
counted whether it has one or all 
resorbed. dead, or nonlive implants. 

postimplantation loss is found after 
exposure to an agent, the data may be 
compared not only with concurrent 
controls, but also with recent historical 
control date, since there is considerable 
interlitter variability in the incidence of 
postimplantation lose (22). If a given 
study control group exhibits an 
unusually high or low incidence of 
postimplantation lose compared to 
historical controls, then scientific 
judgment must be used to determine the 
adequacy of the studies for risk 
assessment purposes. 

The end point for affected implants 
(Le., the combination of nonlive and 
malformed conceptuses) gives an 
indication of the total intrauterine 
response to an agent and sometimes 
reflects a better dose-response 
re!ationehip than does the incidence of 
nonliva or malformed offspring taken 
individually. This is especially true at 
the high end of the dose-response curve 
in cases when the incidence of nonlive 
implants per litter is greatly increased. 
In such cases, the malformation rate 
may appear to decrease because only 
unaffected offspring have survived. If 
the incidence of prenatal death or 
malformation is unchanged, then the 
incidence of affected implants will not 
provide any additional dose-response 
information. In studies where maternal 
animals are allowed to deliver pups 
normally, the number of stillbirths per 
litter should also be noted. 

based on those litters that have one or 
mom live offspring, may be unchanged 
even though the incidence of nonlive in 
all litters le increased. This could occur 
either because of an increase in the 

If a significant increase in 

The number of live offspring per litter, 

number of litters with no live offepring, 
or an increaee in the number of implante 
per littcr. A decrease in the number of 
live offspriq per litter should be 
accompanied by an increase in the 
incidence of nonlive implants per litter, 
unless the implant numbers differ among 
dose groups. in postnatal studies, the. 
viability of live born offspring should be 
determined at selected intervals until, 
termination of the study. 

The sex ra ti0 per litter, as well as the 
body weights of males and females, can 
be examined to determine whether or 
not one sex is preferentially affected by 
the agent. However, this is an unusual 
occurrence. 

sensitive indicator of developmental 
toxicity, in part because it is a 
continuous variable. In some cases, 
offspring weight reduction may be the 
only indicator of developmental toxicity: 
if so, there is always a question 
remaining as to whether weight 
reduction is a permanent or transitory 
effect. A permanent weight change may 
be considered more severe than a 
transitory change, although little is 
known about the long-term 
consequences of short-term fetal or 
neonatal weight changes. When fetal or 
neonatal weight reduction is the only 
indicator of developmental toxicity, data 
from the two-generation reproduction 
study (2). If available, may be useful for 
evaluating these parameters. Ideally. 
follow-up studies to evaluate postnatal 
viability, growth, and s d v a l  through 
weaning should be conducted. There are 
other factors that should be considered 
in the evaluation of fetal or neonatal 
weight changes. For example, in 
polytocous animals, fetal and neonatal 
weights are usually inversely correlated 
with litter size, and the upper end of the 
doae-response c w e  may be confounded 
by smaller litters and increased fetal or 
neonatal weight. Additionally, the 
average body weight of males is greater 
than that of females in the more 
commonly used laboratory animals. 

Live offspring should be examined for 
external, visceral, and skeletal 
malformations. If only a portion of the 
litter is examined, then it is preferable 
that those examined be randomly 
selected from each litter. An increase in 
the incidence of malformed offepring 
may be indicated b j  a change in one or 
more of the following end points: the 
incidence of malformed offspring per 
litter, the number a r d  percent of litters 
with malformed offspring, or the number 
of offspring or litters with a particular 
malformation that appeera to increase 
with dose as  indicated by the incidence 
of individual types of melformatlone. 

A change in offspring body weight is a 
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Other ways of examining the data 
include the incidence of external, 
visceral. and skeletal malformations 
which may indicate which general 
systems are affected. A listing of 
individual offspring with their 
malformations and va4ations may give 
an indication of the pattern of 
developmental deviations. All of these 
methods of expressing and examining 
the data are valid for determining the 
effects of an agent on structural 
development However, care must be 
taken to avoid counting offspring more 
than once in evaluating any single end 
point baaed on number or percent of 
offspring or litters. The incidence of 
individual types of malformations and 
variations should be examined for 
significant change8 which may be 
masked if the data on all malformations 
and variations are pooled. Appropriate 
historical control data are helpful in the 
interpretation of malformations and 
variationa, especially those that 
normally occur at a low incidence 
apparently unrelated to dose in an 
individual study. Although a dose- 
related increase in malformations is 
interpreted as an adverse 
developmental effect of exposure to an 
agent. the significance of anatomical 
variations is more difficult to determine, 
and must take into account what is 
known about developmental stage (e.g., 
with skeletal ossification), background 
incidence of certain variatione (e.8.. 12 
or 13 paire of ribs in rabbits), or other 
strain- or species-specific factors. 
However, if variations are significantly 

/" increased in a dose-related manner, 
these should also be evaluated as a 
possible indication of developmental 
toxicity. The interagency Regulatory 
Liaison Group noted that dose-related 
increases in defects, which may occur 
spontaneously, am as relevant as dose- 
related increases in any other 
developmental toxicity end points (23). 

3. Functional Developmental 
Toxicology. Developmen tal effects, 
which are inducible by exogenous 
agents, am not limited to death, 
etruchval abnormalities, and altered 
growth. Rather, it has been 
demonstrated in a number of instances 
that subtle alterations in the functional 
competence of an organ or a variety of 
organ systems may result fmm exposure 
during critical developmental periods 
that may OCCUT between conception and 
eexual maturation. Onen, these 
iL-ctional defects are obeerved at dose 
levels +ilo~v those at which gross 
malformatlonr am &dent (24). At 
present. such testing Is not routinely 
requlred in the United Slates. However. 
data from poetnatal studlee. when 

available, are considered very ueeful for 
the assessment of the relative 
importance and severity of bdings in 
the fetus and neonate. Often, the long- 
term consequences of adverse 
develcpmental outcomes at birth are 
unknown, and further data on postnatal 
development and function may 
contribute valuable information. When 
regulatory statutes permit, studies 
designed to evaluate adverse fetal or 
neonatal outcomes have been requested 
(e.8.. the Offico of Pesticide Programs 
has sometimes requested postnatal 
studies where the revernibility of study 
findings were at issue). in some cases. 
useful data can be derived from well- 
executed multigeneration studies. 

Much of the early work in functional 
developmental toxicology was related to 
behavioral evaluations, and the term 
"behavioral teratology" became 
prominent in the mld 187oe. Less work 
has been done on other functional 
eyeteme, but sufficient data have 
accumulated to indicate that the 
cardiopulmonary, immune, endocrine, 
digestive, urinary, nervous, and 
reproductive systems are subject to 
alterations in functional competence (W, 
26). Currently, there are no standard 
testing procedures, although some 
attempts are being made to standardize 
end evaluate tests and protocols (27). 
The functional evaluation of speclfic 
systems often involves highly 
specialized training and equipment. The 
routine use of such test procedures may 
not always be practical, but may be 
extremely important in determining the 
nature of a suspected alteration in terms 
of its biological significance and dose- 
response relationship. 

The interpretation of data from 
functional developmental toxicology 
studies is limited due to the lack of 
knowledge about the underlying 
toxlcological mechanisms and their 
s@ificance. However, since such data 
are eometlmee encountered in the riok 
assessment of particular agents, some 
guidance is provided here concerning 
general concepts of study design and 
evalua tion. 

similar to those important in standard 
developmental toxicity studies (e+, a 
doee-response approach with the 
hl&est dose producing minimal overt 
maternal or perinatal toxicity, number of 
litters large enough for adequate 
statistical power, randomlzation of 
animals to dose groups. litter generally 
considered the rtatlstlcal unit atc). 

b. A replicate study des@ provides 
added confidence in the inteqrstatlon 
of data. 

a. Several aspects of study design are 

c. Use of (L pharrnacologicill challenge 
may be valuable in evaluating function 
and "unmasking" effects not otherwise 
detectable, particularly in the case of 
organ systems that are endowed with a 
reasonable degree of functional reserve 
capacity. 

. 
moderate degree of backgroud 
variability may be more sensitive lo the 
effect6 of an agent than are teals with 
low variability that may be impoeeible 
to disrupt without being life-threatening. 
Butcher et el. (28) have discussed this 
with relation to behavioral end points. 

e. A battery of functional teats usually 
provides a more thorough evaluation of 
the functional competence I f an  animal: 
tests conducted at several ages may 
provide more information about 
maturational changes. 

f. Critical periods for the disruption of 
functional competence include both the 
prenatal and the postnatal periods to the 
time of sexual maturation, and the effect 
is likely to vary depending on the time 
and degee of exposure. 

Although interpretation of functional 
data may be difncult at preaent, there 
are at least three ways in which the data 
from theae studies may be useful for risk 
assessment purposes: (1) to help 
elucidate the long-term consequences of 
fetal and neonatal findings; (2) to 
indicate the potential for an agent to 
cause functional alterations, and the 
effective doses relative to those that 
produce other forms of toxiciw. and (3) 
for existing environmental agents. to 
focus on organ systems to be evaluated 
in exposed human populations. 

Developmenta.' Toxicity. As discussed 
previously. individual end points are 
evaluated in developmental toxicity 
studies. but an integrated evaluation 
must be done considering all maternal 
and developmental end points in order 
to interpret the data fully. 
Developmental toxicity is considered to 
be an increase in the incidence of 
malformed ofhpring, decreased viability 
(prenatal or postnatal), altered growth. 
and/or functional deficits. 

developmental toxic effect is related to 
several issues, includlng the relative 
toxicity of an agent to the offspring 
versus the adult anlmel, and the long- 
term consequences of findings in the 
fetus or neonate. Thoae agents n'lich 
produce developmental toxicity . i t  I 

dose that is not toxic to the matvri1.c: 
anima! are of greatest concern becili.- 
the developlng organism oppears to I ) I  

selectively affected or more sensitivr 
than the adult. However. when 
developmental effects are produced on'? 

d. Use of functional tests with a 

4. Ovemll Evaluation of Maternal and 

The level of concern for a 
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at maternally toxic doses, the types of 
developmental effectr rhould be 
examined carefully, and not discGunted 
as  be@ secondary to muternal toxldty. 
Current information ir inadequate to 
assume that developmental effectr at 
maternally toxic dosee result only h m  
the maternal tonicitr, rather, when the 
lowest observed effect ievel is the same 
for the adult and develop@ oqenismr, 
it may simply indicate that both are 
sensitive to that dose level. Moreover. 
the maternal effects may be reversible 
while effects on the offspring may be 
permanent. These are important 
considerations for w n t s  to which 
humans may be exposed at mlnimaily 
toxic levels either voluntarily 07 in the 
workplace, since several agentr am 
known to produce adverse 
developmental effects at minimally toxic 
doses in adult humans (e.8.. omoklng, 
alcohol). 

Appmacher for r d d q  ugents for 
their selective developmental toxidty 
are be- developed; Schardein (10) hail 
reviewed several of theee. Of cumrnt 
interest are approacber that develop 
raYos relating an adult toxic dose to a 
developmental toxic dose (29.30,31,32). 
Ratios near unity indicets &at 
developmental toxidty occum only at 
dosee produciq maternal toxicity; a8 
the ratio Increabea them is a greater 
likelihood of developmental effectr 
occurring without maternal 
manifestationr. Although M e r  
exploraton and validation are 
necessary, ruch approacher n a y  
ultimately help in identifying thow 
writs that pose the p a t e a t  threat and 
should be given higher priority for 
further testhq (33). 

Developmental Toxicity. The need for 
short-tern teeb for developmcntal 
toxicity has arisen from the l a m  
numhr of egents in or enter@ the 
environment the interest in reducing h e  
number of animals u d  for routine 
testing. and the expenbe of testing. Two 
approaches are considered here in t ern  
of their contribution to the overall 
testing process: (1) An in vivo 
mammalian saeen, and (2) a variety of 
in vitm systems. Currsntly. neither 
approach ir considered as a replacement 
for routine in vivo developmental 
toxicity tesUrg in expurlmental animals, 
and should not be d to make the final 
decision a r  to whether an agent ir a 
positive or negative developmental 
toxicant; rather, such ttrb may be 
useful aa toolr for assigning prioritier for 
furtber, mors extenrive teeting. Although 
ouch rhort-tern testa am not muttnely 
requlnd data am mmetimes 
encounted ln the d e w  of chemlcnlr: 

5. Shorl-term Testing in 

3414999 orW3(02)(22-SEP-U6-l7~~) 

the comments are provided here for 
guidance in the evaluation of such data. 

a. In Vivo Mammalian Developmental 
Toxidty Screen. The moat widely 
rtudied in vivo Rpproach is that 
developed by Cbernoff and Kavlock (34) 
wNch uddr the pregnant mouse. Thir 
approach Is b a d  on the hypothesir 
that a prenatal Injury, whlcb results In 
altered developmeul uill be manifested 
postnatally ad reduced viability and/or 
i m p i d  growth. In general. the test 
srbstance Is administered over the 
period of major organogenesis at a 
sin& dose level that will elicit some 
degree of maternal toxidty. A second 
lower dose level may be ueed whlch 
potentially will reduce the chances of 
falae positive d t s .  The pups are 
counted and weighed shortly after birth, 
and again after 3-4 days. End points that 
are considered in the evaluation include: 
genernl maternal toxldty (including 
r w i v a l  and weigbt gain). litter size, md 
viability, weight. and gross 
malformations in the offspring. Basic 
priority-setting categories for more 
exteneive testlng have been ruggested 
(1) agents that induce perinatal death 
should receive blghaet priority. (2) 
agents inducing perinatal w e w t  
chmqes should be ranked lower in 
pricrrlty. and (3) agents iaduciag no 
effect rhould receive the lowest priority 
(w). Another acheme that has been 
proposed appUes a numerid ranldng to 
the results as a means of prioritiring 
sgenta for further testing (315.36). 
The m o w  war chosen originally for 

this test b u m  of 1b low cost. but the 
procedure should be eerily applicable to 
other species. However, the test will 
only predlct the potential for 
davelopmental toxicity of an agent in 
the #pedes utillzed and does not 
improve the ability to extrapolate risk to 
other rpeder. including humans. The 
Office of Toxic Subrtances bar 
developed testing guidelines for this 
procedure (37). Although the tertlng 
guidelinm are available, such 
procedures are not routinely required, 
and further validatlon is nursntly b e b  
carried out (38). 

b. In Vitm Developmental Toxicity 
Screens. Test systems that fall undor the 
general baa- of "in vim'' 
developmental toxicity BCIWM include 
any rystem that employr a test eubject 
other than the intact pregnant mammal. 
Thew ryrtemr have long been used to 
arecas events a s d a t e d  with noma1 
and abnormal development but only 
recently have they been considered for 
their potential am screens In Lsothq (38, 
10.41). Many of these 8y8tUms at0 ROW 
be& evaluated for their ability to 
predict the developmental toxldty of 

.- . -.. .-... , ." ,,,., . . - ..n 

v d o u s  agenb in intact mammalian 
systems. This validation process 
requires certain conaiderations in study 
d e e b  including defined end points for 
toxicity and an understanding of the 
rystem'r abtlity to handle various test 
egenta [a, 42). A liet of agents for UBB in 
such validation studies har been 
developed (13). 

0. Statistical Considemtions. In the 
aebessment of developmental toxicity 
data, stetistical considerations require 
spedal attention. Since the litter is 
generally considered the experimental 
unit in most developmental toxidty 
ahdies, the rtatistical analyses should 
be designed to analyze the relevant data 
based on incidence per litter or on the 
number of litters with a particular end 
point The analytical procedures used 
and the results, as  well as an indication 
of the variance in each end point. should 
be clearly indicated in the presentation 
of data. Analysis of variance (ANOVA) 
techniques, with litter nested within 
dose in the modeL take the Utter 
variable into account but allow uee of 
individual oflepring data and an 
evaluation of both within and between 
litter variance as well as dose effects. 
Nonparametric and categorical 
procedures have also been widely used 
for binomial or inddence data. In 
addition, tea's for dose-response trends 
cnn be applied. Although a ringle 
statistical Pppmach has not been a g e d  
upon a number of factors important in 
h e  analysis of developmental toxidty 
data habe been discussed (23. U). 

Studies that employ a replicate 
experimental design (e.g.. two or three 
replicatee with 10 litters per dose per 
replicate rather than a single experiment 
with 2&30 litters per dose p u p )  allow 
for broader interpretation of study 
results since the variability between 
replicatee can be accounted for using 
ANOVA techniques. Replication of 
effects due to a given agent within a 
study. as well as between studies or 
laboratories, pmvidee added strength in 
tbe we of data for the estimation of risk. 
An lmportmt factor to determine in 

evaluating data is the power of a study 
(i.e., the probability that a rtudy will 
demonstrate a true effect), which is 
limited by the sample size used in the 
study, the backgmund inddence of the 
end point obeerved the vartability in the 
incidence of tho end point and the 
analysis method. An an example, Nelson 
and Holson (45) have shown that the 
number of litters needed to detect a 5 or 
10% change was dramatically lower for 
fetal weight (a continuous variahla with 
low variability) than for rseorptlons (a 
binomlal response with hlgh veriablllty). 
With the current mmmendatlon in 
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testing protocols be@ 20 rodents per 
dose group (2.3). It is possible to detect 
an increased incidence of malformations 
in the rmge of 5 to 12 times above 
control le de l& an increase of 3 to 6 time8 
the in uttm death rate, and a decrease 
of 0.15 tu 0 s  times the fetal weight. 
Thw @/en within the same study, the 
ability to detect a change in fetal weight 
ie much greater than for the other end 
points measured Conseguently. for 
statistical maeons only. changes in fetal 
weight am often observable at dosee 
below thorn producing other signs of 
developmental toxidty. Any risk 
ameusment should p m n t  the detection 
eensitivity for the study design wed and 
for the end point(s) evaluated 

important in determining the effects of a 
particular q a t  the biological 
significance of data should not be 
overlooked. For example. with the 
number of end points that can be 
observed in developmental toxicity 
studiea a few statistically significant 
differences may occur by chance. On the 
other hand apparent trends with dose 
may be biologically relevant even 
though statistical analyses do not 
indicate a significant effect. This may be 
true especially for the incidence of 
malfomtions or in u&m death where a 
relatively large diffe-nce is required to 
be rtatiatically significant. It should be 
apparent from this discussion that a 
great deal of adentific judgment based 
on experience with developmental 
toxicity data and with prindplee of 
experimental deslgn and statistical 
analysis may be required to adequately 
evaluate such data. 
B. Human Studies 

Becaw of the ethical considerations 
involved. studies with deliberate dosing 
of humans are not done. Therefore, 
dose-effect develqmental toxicity data 
from humans are limited to thore 
available from occupational 
en*nmental or therapeutic 
exposures. While animal studier provide 
do-response data that can be used in 
the extrapolation of risk to humans. 
good epidemiologic data provide the 
best Information for arberring human 
risk. 

The category of "human rtudies" 
indudm both epidemiologic studies and 
other reporb of c a m  or clusters of 
events. Whils  cat^ reports have been 
important in identitylng reveral human 
tmtogsnr. thw are potentially of 
greater value lu identify@ topiu for 
further hvertlgation (46). The data from 
cam reporb am often of an anecdotal or 
highly wlected nature, and thw are of 
limited usefulness for Ask asrerrment 
excspt when a unique defect ir 

Although statistical analyses are 
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produced as with thalidomide, or when 
the agent is so potent as to greatly 
increase the incidence of a particular 
defect(8). 

As there are many different designs 
for epidemiologic studies, simple rules 
for their evaluation do not exlet. The 
assessment of epidemiologic studies 
requires a sophisticated level of 
understanding of the appropriate 
epidemiologic and statistical methods 
and interpretation of the findings. 
Factors that increase a study's 
usefulness for risk assessment include 
such things as the examination of 
multiple end points and exposure levels, 
the validity of the data, and proper 
control of other risk factors. effect 
modifiers, and confounders in the study 
design and/or analysis. A more indepth 
discussion can be found elsewhere (47). 

developmental toxicant can result in 
multiple end points (malformatiom, 
functional impairment altered growth, 
and/or lethality). These end points can 
be thought of as sequential competing 
risks. For example, a malformed fetus 
spontaneously aborted would not be 
observed in a study of births with 
malformations (e). Very early 
conceptus losses may not be identified 
In human populations. whereas in most 
laboratory animal studies. all resorption 
sites can be identified. Many 
epidemiologic studies, espedally of the 
case-control design. have focused on 
one end point possibly missing a tme 
effect of exposure. Furthermore. some 
studies have selected one type or class 
of malformations to study. SincR an 
agent can reeult in different spectra of 
malformations following exposure at 
different times in the pmgnancy (49). 
limiting a study to one class of 
malformation may give misleading 
results. Malformations can be 
meaningfully p u p e d  only if there is a 
logical underlying teratogenic 
mechanism or pathogenetic pathway. As 
a minlmum. malformations, 
deformations. and disruptions should be 
separated. 

The power, or probability of a study 
to detect a true effect. is dependent upon 
the size of the study p u p ,  the 
frequency of the outcome in the general 
population. and the level of excess risk 
to be identified. Rarer outcomes, such as 
malformation require thousands of 
pmgnancies to have a high probability 
of detecting an increase in risk. Mom 
common outcomes, ruch as fetal Io(M, 
require hundreds of pregnancies to have 
the rame pmbability (a 2 3 , ~ ) . 5 1 , 5 2  
53). The confidence one has in the 
msultr of a study with negative findings 
ir dimctly related to the power of the 

As described earlier, a single 

study to detect clinically meaningful 
difference8 in incidence for the end 
pointe studied 
Ae in animal studies. pregnanciee 

within the same family (or litter) ore not 
independent events. In animal studies. 
the litter is generally used as the unit of 
measure. This approach is difficult*in 
humane since the pregnancies are 
sequential, with the risk factors 
changing for the different pregnancies 
(23.51.54). If more than one pregnancy 
per family is included, and this is oftcn 
necessary due to small study groups. t h e  
use of non-independent observations 
overestimates the true size of the 
population at risk and artificially 
increases the signifkame level (:4). 

Other criteria for evaluating 
epidemiologic studies include the 
following (23.50.52 55,% 57.58): 

1. The potential for complete or 
relatively complete ascertainment of 
events for study. This can vary by 
outcome and by data source; for 
example, if hospital records are used. 
early fetal losses will be 
underaecertained. but a more complete 
list of pregnancies could be obtained by 
interviewing the women. Congenital 
malformations can be more completely 
ascertained using hospital records than 
birth certificates. Studies with relatively 
complete ascertainment of events, ar at 
least low probability of unbiased 
ascertainment should carry more 
weight. 
2. Validity (accuracy) of the aata. 

Recall of past events in interviews may 
be faulty, while hospital files contain 
data recorded at the time of the event 
(but may be incomplete]. Validation of 
interview data with an independent 
source. where possible. increases 
confidence in the results of the study. 

3. Collection of data on other risk 
factors, effect modifiers. and 
confounders. Data on smokiq. alcohol 
conaumption. dnq use, and 
environmental and occupational 
exposure, etc, during pregnancy should 
be examined And controlled for in the 
study design and/or analysis where 
appropriate. The analytic techniques 
used to control these factors require 
careful consideration in their application 
and interpretation. 
C. Other Considerations 

1. Phunnacokinetia. Extrapolation of 
data between species can be aided 
considerably by the availability of d e t . ~  
on h e  pharmacokinetics of a part:c.!' 
agent in the! species tested and, if 
possible, in humans. Information on 
half-lives, plecental melabolism and 
transfer, and concentrations of the 
parent compound and melaboliles in tht. 

, 
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ma!ernal animal and conceptue may be 
useful in predicting risk for 
developmental toxicity. Such data may 
also be helpful in defining the doee- 
reeponee curve, developing a more 
accurate comparison of epeciee 
sensitivity including that of humane (59, 
W), determining doeimetry at target 
sites, and comparing pharmacokinetic 
profiiee for varioue doeing regimens or 
routes of expoeure. Pharmacokinetic 
studies in developmental toxicology are 
most useful if conducted in pregnant 
tinimale at the stage when 
developmental ineults occur. The 
con, lation of pharmacokinetic 
parameters and developmental toxicity 
data may be ueeful in determining the 
contribution of specific pharmacokinetic 
parameten, to the effects obeerved (61). 

Stmcfum. Comparieone of the chemical 
or phpical ppe r t i ee  of an agent with 
thoae of known developmental toxicants 
may provide eome indication of a 
noten tiel for develoDmenta1 toxicitv. 

,* 

2. Comparisons of Molecular 

Such information m’ey be helpful in’ 
setting priorities for teeting of agente or 
for evaluation of potential toxicity when 
only minimal data are available. 
Structurelactivity r‘qtionehipe have not 
been well studied in developmental 
toxicology, although data are available 
that euggeet etructure-activity 
relationship. for certain claeses of 
chemicale (e.g., glycol ethere, eteroide, 
retinoide). Under certain circumetances 
(e+ in the caee of new chemicale), thie 
ie one of eeveral proceduree ueed to 
evaluate the potentjal for toxicity when 
little or no data are available. 
D. Weight-of-Evidence Determination 

Information available from etudiee 
diacueeed previ- uely, whether indicative 
of potential concerii or not, mr i t  be 
evaluated and factored into a e  risk 
aeeeeement. The typee of data may vary 
“om chemical to chemical, and certain 
typee of data may be more relevant than 
other typee in performing developmental 
toxic”y aseeeemente. The primary 
consicteratione are the human data 
(which are seldom available) and the 
expeFmenta1 animal data. The 
qualitative aeeeeement for 
developmental toxicity ehould include 
etatemente concerning the quality of the 
data, the reeolvirlg power of the etudiee. 
the number and typee of end points 
examined, the relevance of route and 
timing of expoeure, the appropriateness 
of the doee selection, the replicetion of 
the effecte, the number of epeciee 
examined, and the availability of human 
caee reporte. caoe seriee, and/or 
epidemiol ‘gic study data. In addition, 
pharmacokinetic data and structure- 
activity considerations, as well au other 

factore that may affect the quality, 
ehould be taken into account. Therefore, 
all data pertinent to developmental 
toxicity should be examined in the 
evaluation of a chemical’e potential to 
cause developmental toxicity in humane, 
and eound ecientific judgment e5ould be 
exercised in inkrpreting the data in 
terms of the riek for adveree human 
developmental health effects. 
IV. Quantitative Assessment 

Risk aeeeeement involvee the 
deecription of the nature and often the 
magnitude of potential human riek, 
including a deecription of any attendant 
uncertainty. In the final phaee of the riek 
aeeeeement (risk characterization), the 
reeulte of the qualitative evsluation 
(hazard identification), the doee- 
reeponee, and the exposure aeeeeemente 
are combined to give qualitativc and/or 
quantitative eetimatee of the 
developmental toxicity riek. A summary 
of the strerythe and weakneeeee of the 
hazard identification, doee-response 
aeeeeement, and exposure aeeeeement 
ehould be diecueeed. Major 
aeeumptione, eciec’ific judgmente, and, 
to the extent poeeible, eetimatee of the 
uncertaintiee in the aeeeesment also 
ehould be presented. 
A. Doee-Reeponee Aeeeeement 

data are available and with sufficient 
range of exposive, doee-reeponee 
relationehipe may be examined. 
However, euch data have rarely been 
available; hue. other methode have 
been ueed in developmental toxicology 
for entimetin8 ehpoeure le-iele that are 
un!lk4y to produce adverse effecte in 
humane. The dose-response aeeeeement 
is ueually baeed on the evaluation of 
teete performed in laboratory animale. 
Evidence for a doee-reeponee 
reletionehip ie an important criterion in 
the eeseesmeni of developmental 
toxicity, although thie may be baaed on 
limited da’a from etandard three-doee 
etudiee. Ae mentioned earlier (eection 
111. A. 2.1, however, traditional doee- . 
reeponee relatlonrrhipe may not alwaye 
be obeerved for eome eid pointe. For 
example, ae the exposure level rieee, 
embryo/fetolethal levels may be 
reached, rteulting in an obeerved 
decrease in malforma tione with 
increasing doee (49.61). The potential 
for thie relationahiy indicatee that 4oee- 
reeponee relationehipe for individual 
end pointe 88 well as combhatione of 
end points (e+, dead and malformed 
combtned) must be carefully exaqdned 
and interpreted. 

Although doee-resyonee data are 
important in thie area, the approaches 
frequently employed in attempts to 

When quantitative human doee-effect 

i 
I 
I 
i 

extrapolate to humane hae invcrlvcd 
simply the use of uncertainty (eafety) 
ftlctore and mcrgine of eafety, which in 
some reepecte are conceptually eimilar. 
However, uncertainty factors and 
margins of eafety tire computed 

different regulatory eituatione. The . 
choice of approach is depeiident upon 
many factore fwluding the etatute , 
involved, the situation being addreeaed, 
the data baee ueed, and the neede of the 
decieion-maker. The final uncertainty 
factor ueed and the acceptability of the 
margin of e-fety are riek management 
decieione, but the ecientific iseues that 
muet be taken into account are 
addreeecd here. 

The uncertainty factor approach 
reeulte in a calculated expoeure level 
believed to be unlikely to came any 
toxic developmental reeponee in 
humane. The eize of the uncertainty 
fnctcr will vary from agent to agent and 
will require the exerciee of ecientific 
judgment (10,62), taking into account 
interepeciee differencee, the nature and 
extent of human exposure, the elope of 
the doee-reeponee curve, the typee of 
ievelopmental effecte obeerved, and the 
relative doee lebele for maternal and 
developmental toxicity in the teet 
epeciee. The uncertainty factor eelected 
ie then divided into the NOEL for the 
moet seneitive end point obtained from 
the moet appropriate and/or eeneitive 
mammdian epeciee examined to obtain 
an acceptable exposure level. Currently, 
there ie no one laboratory animal 
speciee that can be considered mcst 
appropriate for predicting risk to 
humane (10). Each agent ehould be 
covidered on a caee-by-caee baeie. 

a ratio of the NOEL from the moet 
eeneitive epeciee to the eetimated 
human expoeure level from all potential 
eourcee (63). The adequacy of the 
margin of eafety ie then coneidered, 
baecd on the weight of evidence, 
including the nature and quality of the 
hazard and exposure data, the number 
of epeciee affected, doee-reeponee 
relationehipe, and other factore such as 
bencfite of the agent. 

Although the etandard study deeign 
for a developmental toxicity e!,dy call9 
for a low doee that demonetratea a 
NOEL, there may be circumetancee 
where a risk aeeeesment ie baeed on the 
roeulte of a study in wnich a NOEL for 
developmental toxicity could not be 
identified. Rather, the loweet doee 
adminietered caueed eignificant effect(@) 
and was iaentffIed as the lowest 
obeerved effect level (LOEL). In 
circumetances where only a LOEL ie 
available, it may be appropriate to apply 

differently and are often ueed in I 

I 

Tire margin of eafety approach derives 
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an additional uncertainty factor. The 
magnitude of tbie additional factor ie 
dependent upon ecicntific judgment. In 
some inetancee, additional etudiee may 
be needed to etrengthen the confidence 
in thie addilional uncertainty factor. 
E. Expoeure Aeeeeement 

The reeulte of the doee-reeponee 
aeeeeement are combiced with an 
eetimate of human expoeure in order to 
obtain a quantitative eetimate of riek. 
The Guidolinee for &timating Expoeuree 
are published separately (64) and will 
not be diecueeed in detail here. In 
general. the expoeure aeeeesment 
describe8 the magnitude, duration, 
echcdule. and route of expoeure. "hie 
information is developed from 
monitoring data and from eetimatee 
baeed on modeling of environmentel 
expoauree. Unique coneideratione 
relevant to developmental ,toxicity are 
duration and period of exposure ae 
related to stage of development (Le., 
critical periods), and the poeeibility that 
a eingle expoeure may be sufficient to 
produce adveree developmental effecte 
(Le., chronic expoeure is not a neceeeery 
prerequisite for developmental toxicity 
to be manifested). Aleo, it ehould be 
recognized ths! expoeure of almoet any 
eegment of the humen population (i.e., 
fertile men and women, the conceptue, 
and the child up to the age of sexual 
maturation) may lead tc riek to the 

Data on expoeure to humanu may be 
qualitative or quantitative. The 
qualitative data could be surrogate data, 
euch ae em2loyment or reeidence 
hietoriea: quantitative or dose data are 
frequently not available. Expoeuree at 
different etagee of the reproductive 
proceee can reeult in different outcomee 
(49). In laboratory etudiee, theee time 
periode can be carefully controlled. In 
human etudiee. eepecially retroepective 
onen, linking of epecific time periode 
and epecific expoeures, even on a 
qualitative level, may be difficult due to 
e m r e  of recall or record keeping (where 
recorde are available). The increaeed 
probability of ulieclaeeification of 
expoeure status mny affect the ability of 
a study to recogdze a true effect (8.23, 
5 2  85.86). 

Exposure may be defined at a epecific 
point in time, or the cumulative lifetime 
expoeurz up to a epecific point in time. 
Each of theee definitions carries an 
implicit aeeumpt;on about the 
underlying relationrSip between 
expoeure and ouicome. For example, a 
cumulative exposure meaeure aeeumes 
that total liietime exposure is important, 
with a greater probability of effect with 
greater tc'al exposure: a dichotomoue 
exposure measure (ever exposed vereus 

, 
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never exposed) aeeumee an irrevereible 
effect of expoeure; and exposure at a 
specific time in the reproductive proceee 
aeeumee that only concurrent expoeure 
ie important. The appropriate expoeure 
depende on the outcome(e) etudied, the 
biologic mechanism affected by 
exposure, and the half-life of the 
exposure. Unbiased mieclaseification of 
exposure, due either to poor data or to 
an inappropriate expoeure variable, may 
reeult in mieeing an effect of the agent 
under etudy. 
C. Riek Characterization 

out in theee Cuidelinee which are 
aeeociated with the toxicological and 
expoeure componente of dek 
aeeeeemente in developmental 
toxicology. In the paat, theee 
uncertaintiee have often not been 
readili. apparent or consietently 
preeented. The preeentation of any riek 
aeeeesment for developmental toxicity 
ehould be accompanied by etatementn 
concerning the etrength of the hazard 
evaluation (see eection 111. D. for more 
detai!) as well ae doee-reeponee 
relationehips, eetimatee of human 
exposure, and any other factore that 
affect the quality and precieion of the 
aeeeeement. The doee-reeponee and 
expoeure data are combined to estimate 
risk baeed on a NOEL for any adveree 
developmental effect. The uncertainty 
factor eelected or margin of eafety 
calculated ehould be eufficiently 
qualified ae to the aeeumptione uecd and 
the accuracy of the eetimatee. 

At preeent, there are no mathematical 
rnodole that are generally accepted for 
ea tima tins developmental toxicity 
reeponeee below the applied doee range. 
Thie ie due primarily to a lack of 
underetanding of the biological 
mechanleme underlying developmental 
todcity, intra/interepeciee differences in 
the types of developmental events, the 
influence of maternal effects on the 
doee-reeponee c w e ,  and whether or not 
a threehold existe below which no effect 
will be produced by an agent. Many 
developmental toxicologiete aeeume a 
threehold for moet developmental 
effecte; thie aeeumption Ib baeed largely 
011 the blological rationale that the 
embryo ie known to have eome capacity 
for repair of the damage or ineult (401, 
acd that moet developmental dovletions 
arc probably multifactorial in nature 
(67). The exletence of a NOEL in an 
anlrilal etudy dode not prove or disprove 
the exletence or level of a true threehold 
it only defines the higheet level of 
exposure under the conditions of the test 
that are not aseoclsted with a significant 
increeee In effect, The uae of NO& and 
uncertainty factors or magins of safety 

Many uncertainties have been pointed 
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are attempts to ensure Illat the 
allowable levels are below those that 
will produce a eignificant increase in 
developmental effecte. 

Discueeione of riek extrapolation 
proceduree have noted that further work 
is needed to improve methemetical lools 
for developing eetimatce of poten!ial 
human developmental riek (62, M). 
Caylor (69) hae euggeeted an approrich 
for controlling riek that combines lhc 
uee of mathematical models for low- 
doee estimation of riek with the 
app!ication of an uncertainty factor 
based on a preeelected level of 
allowable riok. "hie approach ie similiir 
to approachen propoeed for 
carcinogeneeie, but doee not preclude 
the poetiibility of a threehold, and may 
provide a more quantitative approach to 
controlling riek. Several such 
approachee are being examined. For the 
moat part, the Agency will continue to 
use uncertainty factors and margins of 
eafety a8 described above. Other 
appropriate methode for expreesing risk 
are being eought and will be applied if 
coneidered acceptable. 

Theee Guidelines eummarize the 
proceduree that the U.S. Environmental 
Protection Agency will follow in 
evaluating the potential for agente to 
cauee developmental toxicity. Theee 
Guidelinee will be reviewed and 
updated ae advancee are made in the 
field, since it ie evident that our ability 
to evaluate and predict human 
developmental toxicity ie imprecise. 
Further dtudiee that (1) delineate the 
mechanieme of developmental toxicity 
and pathogenesis, (2) provide 
comparative pharmscokinetic datn. and 
(3) eiucidate h e  functional modalitiee 
that may be altered by expoeure to toxic 
agents will aid in the Interpretation of 
data and interepeciee extrapolation. 
These typce of etudiee, along with 
further evaluation of the relationehip 
between maternal and fetal toxicity and 
the coecept of a threehold in 
developmental toxicity, will provide for 
the development of improved 
mathematical models to more preciscil! 
amees rlek. 
V. Rdereacer 
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Ph.D. Disrertation. Ann Arbor, MI: Univenity Part B: R ~ p o n e o  to Public and 8denoe exposure during organogeneeis, 
Microfilm#. Adhory Baud Commentr perinatal and poetnatal development to 
M. Solevan, S.C. 1880. Evaluation of data the time of sexual mature tion. or 

m w r  for occupational pregnancy outcome 1. Intmd~tion subchronic expoeure as would be the 
rtudier. Ph.D. Dlssertation. Ann Arbor, MI: This eection summarizes some of the caee in multigeneration studiee. Theee 
UdVeNity MiCfOnhI. iseues raieed in public commente on the Guidelinee provide information for 
68. Axelson, 0.1685. Epidemiologic Ropoeed Guidelinee for ths Health interpreting developmental effecte 

Aseeeement of Suepect Developmental related to any of the typee of expoeure methods in the rtudy of rpontaneour 
Toxicante published November 23,1984 mentioned above. End points of abortions: m w r  of data. methods. and 

(49 FR 48324). Commente were received developmental toxicity, which are I 

murcer of emr. In: HemmWu. K.. hi. Soma. 
meaeured in rnultigeneration studies, 

end edr* Occupauona; 
and reproduction. Washington, B:: from 4 individuale or organizetione. 
Hemisphere F lib., pp. 231-238 The Agency's initial eummary of have been added to Table 2 and 

commente was preeented to the diecueeed in the text. Transplacental 
D. Lebarthe, K L  Noller. 7. b i w r i  and E Developmental Toxicity Guidelines carcinogeneeie, although considered a 
Adam. 1685. A wmpar'ron of pregnancy Panel of the Science Advieory Board developmental effect, will be evaluated 
history recall anC -cdcal records: (SAB) at its organizational meeting on and aeeeeeed in terms of human riek 
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Epldemiol. 121(2)Bf&281. meetlng, the Panel provided the Agency Carcinogen Risk Aeeeeement. Careful 
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Pregnancy losr in human populations. Am. I. recommenda tione concerning the theee developmental toxicity riek 
lnd. Med. 4-m. Guidelinee. aeeeeement Guidelinee and the male and 1 
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57. TiUey. B C, AB. Barnes. R Et rgstralh, 

The SAB and public comments were 

variety of pewpectivee. In general, the 
commente were favwable and in 
eupport of the Guidelinee. The SAB 

noted that the field Of 

weak with =Wect to quantitative 
aeeeeement and recommended that 
further efforte be given to developing 

eetimatee of riek for developmental 
toxicity. They aleo indicated that further 
diecueeion of the relationship of 
maternal toxicity to fetal todcity could 
be added. Concern wae expreeeed that 
theee Guidelinee be coordinated with 
the reproductive toxicity gu!delinee 
which are currently being developed. 

reeponee to the cornmenfa, the 
Agency ha8 modified Or clarified many 
rec!hfl of *e ~uidelinee. For PWoeee 
of thie diecueeion, only the moat 
elPificant ieeuee reflected by the Public 
m d  SAB commente are diecueeed. 
5 ~ e r a l  minor ~eCOmmendatione* which 
do not wiimant diecueeion here. were 
coneidered by the Agency in the 
revision of theee Guidelinee. 
11. Coordination With Other Cuide!~n~8 

hadkin. 187s. distribution diveree and addreeeed ieeuee from a aeeeeement guidelines, which are I 

, 

A. Other Riek Aeeeeement Cuidr'lnr!e which may be encountered when 
Several commentorn raised concerns 

(e.8.. paternally-modiated effecte, effecte 
of eubcbonic expoe~ee ,  baneplacental 
axinogeneele, etc.1 that Were not 
covered in these cuidellnee, and how 
theee Guidelines will Integrate with 

toxicity which are still under 
develr:" r't* 

The Cuidellnee have been revieed to 
indicate thet developmental toxicity 
may reeult from several different typee 
of expoeure, Including parante: expvnure 
prior to conception, acute or eubecrite 

Several queetione were raieed about 
definitlone of terminology, due to lack of 
clarity or inconeletency with other purls 
of theee Guidelinee or the teetIng 

As indicated In the Guidelinee, there 
are difference8 in the use of terms in thp 
field of developmental toxicology, ari[1 
the terne have been defined eo that I J I , ~  
reader may underetand how the ternis 
are being used. Several minor changcs 
in the deflnitione have been made to 

Envl;.onmental Crlterle 188(* those on male and female reproductive guidelinee. 

I I 
t 

so74999 o0(8(02M22-SEP-86 17Sl8: 18) i 
-I---. ' 

7- ., .1 ,I' ,.4q I - , .  , I .  r * .  



u' 3404dI Faded  Register / Vol. 51, No. 185 / Wedriesday, September 24. 1088 / Noticee 
-2 

make them more coneistent. For 
example. the definition for 
developmental toxicology has been 
expanded to include the wide range of 
expoeure eituations that may result in 
developmental effects. The term 
functional teratology has been changed 
to functional developmental toxicology, 
and the term teratogenicity has 1 een 
diecuseed in the section on 
malformatioiuJ and variations. 
IV. Qualitative Assessment 
A. Maternal and Developmental 
Toxicity 

Several commentom noted the need 
for a better diecuesion of how maternal 
toxicity effects the evaluation of 
developmental toxic effecte. 

theee Guidelinee of diecueeing in detail 
the individual end pointe of maternal 
and offepring toxicity, then giving 
guidtrnce relating to an owra11 
evaluation of the data in Pert A, eection 
U1.A.4. Thie approach ie ctn:*:stent with 
the philoeophy reflected in the 
Guidelines as followe: Tlioee agent8 that 
cauee de,elopmental effecte at doeee 
lower than h o e 3  caueing maternal 
toxicity ar:: o l  p=!?st concern, but 
developmante! d e c t e  at doeee that aleo 
produce makrrln! itidcity ehoud not be 
discounted as eer. .tlL;~ry to maternal 
effects. Rather, -.:hi the loweet 
observed effect l e 4  (LOEL) ie the eame 
for maternal and developmental 
toxicity, it may indicate eimilar 
sensitivities to the agent, and maternal 
effecte may be revereible while 
developmental effecte may be 
permanent. 
B. Functional Developmental Toxicity 

Several cornmentore raieed concern 
about the premature uee of functional 
data in the risk aeeeeement proceee. On 
the other hand, the SAB Panel felt that 
theee teete were very valuable in 
aeeeeeing developmental toxicity. 

The Agency hae taken the approach in 

The Agency does not routinely requlre 
such testing, and theee Guidelines do 
not suggeet reqdremente. However, in 
the review of data on exinting 
chemiculs, such data are sometimes 
encountered and must be evaluated by 
the Agency. The discussion in &e 
Guidelines is intended to delineate the 
current etate of the art. and to indicate 
to what exfont the data curreritly may 
be ueed for riek teeessment purposes. 
C. Short-Term Testing 

for further refinement. validation, and 
comparative testing to determine the 
credibility of short-term teete for 
developmental toxicity. The 
appropriateneee of eingle doee level 
e m e n s  for the purpoee of prioritization 
war endoreed by the SAB Panel with the 
reeervation that too many false poeitivee 
might occur, and that poeitive agente in 
theee ecreene would be permanently 
labelled ae poeitive developmental 
toxicante. 

Since data from theee typee of teet 
proceduree may be encountered in the 
aeeeeement of chemicale, the Agency 
felt it appropriate to give guidance ae to 
how theee ehould be evaluated. The 
Guidelinee have been revieed to clearly 
indicate that theee teste are not 
routinely required, ehould not be 
coneidered ae a replacement for routine 
in vivo developmental toxicity teeting in 
mammale, and ehould not be ueed to 
make the final decieion ae to whether an 
agent ie a poeitive or negative 
developmental toxicant. 
D. Comparisons of Molecular Structure 

Commente euggeeted that not much ie 
known about etructure-activity 
relationehips for developme7tal 
toxicante, and that We proct lure 
ehould not be ueed except in the caee of 
hormone analogs. 

A etatement hae been added to 
indicate that etructure-activity 

Several commentom stressed the need 

relationeh;pr have not been well-studied 
in developmental toxicology. but under 
certain circwnetancee, e.g., in the case of 
the premandacturing notice proceee 
(TSCA, section 5). the evaluation of 
molecular etructure ir one of several 
proceduree ueod by the Agency to 
evaluate potontial toxicity and to 6 

support requests for tee- of new 
chemicals. 
V. Quantitative Assessment 

appropriatenees of using uncertainty 
(eafety) factore. margi~rs of eafety, and 
no obeerved effect levels (NO&). Some 
commentore fe;t that the concept of 
threehold wae not adequately diecueeed 
in the Cuidelinee. 

Theee Cuidelinee are intended to 
reflect current Agency policy and 
practice. Although more quantitative 
aeeeeement of developmental toxicity 
data are deeirable, and efforte are 
currently ongoing within the Agency to 
evaluate other approachee, the current 
practice is to uee the NOEL (or the LOEL 
if a NOEL ie not available), and to apply 
an uncertainty factor or to calculate the 
margin of eafety. Thie practice ie baeed 
in large part on the lack of 
underetanding of the biological 
mechanieme involved. The uncertainty 
f a t o r  ueed or acceptability of the 
margin of eafety are coneidered risk 
management decieione, but the ecientific 
iesuee that must be taken into account 
are diecueeed in theee Guidelinee. An 
experimentally determined NOEL doee 
not prove or dieprove the existence of a 
threehold, although many developmental 
toxicologiete aeeume a threehold for 
moet developmental effects becauee of 
known repair capabilitiee in develophg 
eyeteme and the fact that many 
developmental alteration8 are 
multifactorial in nature. 
Ir;a Doc. 86-19f305 Flled 9-23-88: 8 4 5  a.m.] 
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ENVf RONMENTAL PROTECTION 
AGENCY 

IFRL-2S84-41 

Guldellne8 fOr EOthaHng EXpoWr88 

AOENCY: U.S. Environmental Protection 
Agency (EPA). 
ACTION: Final Cuidelinee for Eetimating 
Exposuree. 

SUMMARY: The U S .  Environmental 
Protection Agency ie today ieeuing five 
guidelines for aeeeseing the health rieke 
of environmental pollutants. Theee are: 
Guidelinee for Carcinogen Riek 

Guidelinee for Eetimating Exposures 
Guidelinee for Mutagenicity Riek 

Aseeeement 
Guidelinee for the Health Aseeeement of 

Suepect Developmental Toxicante 
Guidelines for the Health Riek 

Assessment of Chemical Mixturee 
Thie notice containe the Guidelines for 
Estimating Expoeuree; the other 
guidelinee appear eleewhere in today'e 
Federal Regieter. 

The Guidelines for Eetimating 
Expoeuree (hereafter "Guidelines") are 
intended to guide Agency analysie of 
expoeure assesement data in line with 
the policiee and proceduree eetabliehed 
in the etatutee adminiatered by the EPA. 
Theee Guidelines were developed ae 
part of an interoffice guidelinee 
development program under the 
auepicee of the Office of Health and 
Environmental Assessment ( O M )  in 
the Agency's Office of Reeearch and 
Development. They reflect Agency 
consideration of public and Science 
Advieory Board (SAB) comments on the 
Propoeed Guidelinee for Expoeure 
Aesesement published November 23, 
1984 (49 FR 48304). 

Thie publication complete8 the firet 
round of risk aeeeeement guidelinee 
development. Theee Cuidelinee will be 
revised, and new guidelines will be 
developed, ae appropriate. 
EFFECTIVE DATE The Guidelinee will be 
effective September 24,1986. 
FOR FURTHER INFOAYATlON CONTACT: 
Dr. Richard V. Moraeki, Expoeure 
Asseesment Group, Office of Health and 
Environmental Aeeeeement (RD-889), 
U.S. Environmental Protection Agency, 
401 M Street, SW, Washington, DC 
20480.202475-8823. 
SUPPLEMENTARY INFORMATION h 1983, 
the National Academy of Sciences 
(NAS) publiehed ite book entitled Risk 
Assessment in the Federal Government: 
Managing the Process. In that book, the 
NAS recommended that Federal 
regulatory agenciee establieh "inference 
guidelines" to ensure coneietency and 

Asseesment 
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technical qualify in riek aeeeesmente 
and to ensure that the riek aeseeement 
proceee wae maintained ae a scientific 
effort separate from riek management. A 
task force within EPA accepted that 
recommendation and requested that 
Agency ecientiete begin to develop euch 
guidelinee. 
General 

products of a two-year Agencywide 
effort, which hae included many 
ecientiete from the larger scientific 
community. Theee guidelinee eet forth 
principle8 and procedure8 to guide EPA 
ecientiete in the conduct of Agency riek 
aesesemente. and to inform Agency 
decieion makers and the public about 
theee procedures. In particular, the 
guidelinee emphaeize that risk 
aeeessmente will be conducted on a 
case-by-caee baeie, giving full 
coneideration to all relevant scientific 
information. Thie case-by-caee approach 
meane that Agency experte review the 
scientific information on each agent and 
uee the most scientifically appropriate 
interpretation to aesese riuk. The 
guidelinee also etrese that thie 
information will be fully presented in 
Agency risk aeseeement documente, and 
that Agency ecientinte will identify the 
strengthe and weakneseee of each 
aeseeement by deecribing uncertaintiee, 
aseumptione, and limitatione, ae well ae 
the ecientific bade and rationale for 
each aeseeement. 

Finally, the guidelinen are formulated 
in part to bridge gape in riek aeseesment 
methodology and data. Ry identifying 
theee gape and the importance of the 
miesing information to kc! riek 
aeseeement procese, EPA wishee to 
encourage reeearch and analysis that 
will lead to new riek asueesment 
methode and data. 
Guidelines for Estimatlng Expoeures 

Exposures began in ianuary 1984. Draft 
guidelinee were developed by Agency 
work groupe compoeed of expert 
ecientiete throughout the Agency. The 
drafts were peer-reviewed by expert 
ecientiete in the field of exposure 
aeeeeement from universities, 
environmental groupe, induetry, labor, 
and other governmental agenciee. They 
were then propoeed for public comment 
in the Federal Rsgister (49 FR 48304). 
On. Jovember 9,1964, the Admitiletrator 
directed that Agency offices use the 

The guidelinee publiehed today are 

Work on the Guidelines for Eetimatlng 

proposed guideiineeln performing risk 
aeeeeements until final guidelinee 
become available. 

After the cloee of the public comment 
period, Agency etaff prepared 
summariee of the commente, analyeee of 
the major ieeuee preeented by the 

commentore. and preliminary Agency 
reeponeee to thoee comments. Theee 
analyeee were preeented to review 
panels of the SAB on March 4 and April 
2223.19s5, and to the Executive 
Committee of the SAB on April 25-28, 
1985. The SAB meeting8 were 
announced in the Federal Register as 
followe: February 12,1985 (50 FR 5811) 
and April 4,1985 (50 FR 13420 and , 
13421). 

In a letter to the Adminietrator dated 
June 19,1985, the Executive Committee 
generally concurred on all five of the 
guidelines, but recommended certain 
revisione, end requeeted that any 
revieed guidelines be submitted to the 
appropriate SAB review panel chairman 
for review and concurrence on behalf of 
the Executive Committee. As described 
in the reeponeee to commente (see Part 
B: Responee to the Public and Science 
Advisory Board Comments), each 
guidelinee document was revised. where 
appropriate, consistent with the SAB 
recommendations, and revieed draft 
guidelines were eubrnitted to the panel 
chairmen. Revised draft Guidelines for 
Estimating Expoeures were concurred 
on in a letter dated January 13,1988. 
Copiee of the letters are available at the 
Public Information Reference Unit, EPA 
Headquarters Library, as indicated 
elsewhere in this notice. 

Part A containe the Guidelinee and Part 
B, the Responee to the Public and 
Science Advisory Board Comments (a 
summary of the major public commente. 
SAB commente, and Agency responsee 
to thoee comments). 

The SAB requested that the Agency 
develop guidelines on the principles for 
the measurement of pollutant 
concentratione in the various 
environmental media and for the ueee of 
environmental meaeuremente for 
exposure aeeeeement. Thie effort ie 
currently underway. 

The Agency also will provide 
technical support documente that 
contain detailed technical information 
needed to implement the Guidelines. 
Two of theee technical reporte entitled 
"Development of Statietical 
Distributione or Ranges of Standard 
Factors Used it1 Expoeure Aeseesmente" 
[available from the National Technical 
Information Service, PB85-242687) and 
"Methodology for Characterization of 
Uncertainty in Expoeure Aseeeemente" 
(available fizm the National Technical 
Information Service, PEW-240455) are 
currently available. TecMcal eupport 
documents will be revieed periodically 
to reflect lmprovernente in expoeure 
aesesement methode and new 
Information or experience. 

Following thie Preamble are two parte: 
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The Agency is continuing to etudy the 
risk assessment issues raised in the 
Guidelines and will revise these 
Guidelines in line with new information. 
a8 appropriate. 

References, eupporting documente. 
and comments received on the propoeed 
guidelines, as well ae copies of the final 
guidelinee. are available for inspection 
and copying at the Public Information 
Reference Unit (202-3ez-S9ZS), EPA 
Headquarters Library, 401 M Street, SW, 
Washington, DC, between the houre of 
600 a.m. And 430  p.m. 

I certify that these Guidelines are not 
major rules as defined by Executive 
Order 12291, because they are 
nonbinding policy etatemente and have 
no direct effect on the regulated 
community. Therefore, they will have no 
effect on coete or prices, and they will 
have no other significant adverse effecte 
on the economy. These Guidelinee were 
reviewed by the Office of Management 
and Budget under Executive Order 
12291. 

Dated: August 22.1888. 
Ise M. Thomas, 
Administmtor. 
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Part A Guidelines for Estimating 
Exposures 
I. In froduction 

These Guidelines provide the Agency 
with a general approach and framework 
for carrying out human or nonhuman 
exposure asseesmente for epecified 
pollutants. The Guidelines have been 
developed to assist future assessment 
activities and encourage improvement in 
thoee EPA programe that require, or 
could benefit from, the use of exposure 
aeseeements. The Guidelines are 
procedural. They ehould be followed to 
the extent poesible in instancee where 
exposure aeeeeement ie a required 
element in the regulatory procees or 
where exposure aesessments are carried 
out on a discretionary baeis by EPA 
management to support regulatory or 
programmatic decisions. 

Thie document, by laying out a eet of 
queetione to be coneidered in carrying 
out an expoeure assessment, should help 
avoid inadvertent mistakes of omiseion. 
Ideally, exposure aeeeeemente are baeed 
on meaeured data. EPA recognizee that 
gape in data will be common, but the 
Guidelinee will neverthelese serve to 
aesiet in organizing the data that are 
available, including new data developed 
as part of the exposure aeeeesment. In 
the absence of sufficient reliable data 
and the time to obtain appropriate 
meaeuremente, exposure aeeeeemente 
may be based on validated 
mathematical models. Whenever 
poseible, exposure aseesements based 
on modeling ehould be complemented 
by reliable meaeuremente. Furthermore, 
it is underetood that the levd Jf detail 
found in the exposure asseeements 
depende on the ecope of the aseeesment. 

Theee Guidelines ehould aleo promote 
coneietency among varioue expoeure 
aseeesment activitiee that are carried 
out by the Agency. Consip tency with 
respect to common phyeical, chemical, 
and biological parametere, with reepect 
to aeeumptione about typical expoeure 
situatione, and with reepect to the 
characterization of uncertainty of 
eetimatee, will enhance the 
comparability of reeulte and enable the 
Agency to improve the etate-of-the-art of 
exposure aeeeeement over time through 
the ehariw of common data and 
experiencee. 

It ie recognized that the main 
objective of an exposure assessment is 
to provide reliable data and/or 
eetimatee for a risk eceeeement. Since a 
risk aseeeement requkes the coupling of 
expoeure information and toxicity or 
effects information, the exposure , 
aeeeeement process ehould be 
coordinated with the toxicity/effects , 
aesessment, This document provides a 
common approach to format, which 
ehould simplify the process of reading 
and evaluating exposure aesessrnents 
and thereby increaee their utility in 
aeseeeing risk. 

As the Agency performe more 
expoeure aeseesmente, the Guidelines 
will be revieed to reflect the benefit of 
experience. 

11. Ceneml Guidelines and Principles 

A. Expoeure and Dose 

Committee M 7 ,  Bio~ogica~ Effects and 
Environmental Fate, of the American 
Society for Teeting and Materials, as the 
contact with a chemical or physical 
agent. m e  magnitude of the exposure ie 
determined by meaeuring or eetimating 
the amount of an agent available at the 
exchange boundariee, Le., lungs, gut, 
skin, duriw some epecified time. 
Exposure aeeeesment ie the 
determination or estimaticn (qualitative 
or quantitative) of the magnitude, 
frequency, duration, and route of 
expoeure. Exposure aeeeeemente may 
coneider past, present, and future 
exposures with varying techniques for 
each phaee, e.g., modeling of future 
expoeuree, meaeuremente of existing 
expoeure, and biological accumulation 
for past expoeures. Exposure 
asseeements are generally combined 
with environmental and health effecte 
data in performing risk assessments. 

In considering the exposure of a 
eubject to a chemical agent, there are 
eeveral related processes. The contact 
between the ehbject of concern and the 
agent may lead to the intake of some of 
the agent. If absorption occurs, this 
constitutee an uptake (or an absorbed 
dose). When biological tiawe or fluid 
measurenents indicate the presence of a 
chemical, expoeuree may be estimated 
from these data. Preeence of a chemical 
in euch biological samples is the most 
direct indication that an exposure hae 
occurred. The route of exposure 
generally impacts the extent of 
absorption and should be considered in 
performing risk asseesmente. 

Expoeure hae been defined by 

-4999 0052(02M22-SEP-86 1798:28) 
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E. Decision Path To Determine Scope of 
the Assessment 

The first step in preparing an 
exposure asseesment ehou!d be the 
circumscriptlon of the problem at hand 
to minimize effort by use of a nartowing 
process. A decision path that describes 
this process is shown in Figure 1. As 
illustrated in Figure 1, the preliminary 
assessment and the in-depth assesament 
are two major phaeee in this logic path. 

I:- 
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Figure 1. Decision path for exposure assessment. 
mnuMacoo(- 
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The preliminary assessment phase 
should commence by considering what 
risk is under study. Witliin this 
framework. a data base should be 
compiled from readily available 
scientific data and exposure information 
based on manufacturer, processor, and 
user practices. Next, the most likely 
areas of exposure (manufacturing, 
processing. consumer, distribution, 
disposal, water and food, etc.) should be 
identified. The preliminary exposure 
assessments should be based on data 
derived from environmental 
measurements. When a limited amount 
of measurement data is available, 
estimates may be based on modeling. 
Since a complete data search may not 
be possible, well identified assumptions 
and order of magnitude estimates may 
be used to further n m w  the exposure 
areas of concern. 

Data from this preliminary exposure 
assessment can then be coupled with 
toxicity information to perform a 
preliminary risk analyeis. As a result of 
this analysis, a decision will be made 
that either an in-depth exposure 
assessment is necessary or that there is 
no need for further exposure 
information. The organization and 
contents of an in-depth exposure 
assessment are given in the following 
section. 

In assembling the information base for 
either a preliminary assessment or a 
more detailed assessment, its adequacy 
should be ascertained by addressing the 
following considerations: 

Availability of information in every 
area needed for an adequate 
assessment: 

Quantitative and qualitative nature 
of the data: 

Reliability of information: 
Limitations on the ability to as8ess 

expo s ure . 
C. Uncertainty 

measurements, simulation model 
estimates, and assumptione about 
parametera used in approximating 
actual exposure conditions. Actual 
measurements should be used whenever 
possible. Both data and assumptione 
contain varying degrees of uncertainty 
which influence the accuracy of 
exposure assessments. Consequently, 
evaluation of uncertainty is an 
important part of all exposure 
assessments. 

The uncertainty analyses performed 
will vary depending on the scope of the 
assessment, the quantity and quality of 
measurements, and the type and 
complexity of mathematical models 
used. A discussion of the types of 
analyses used for quantifying 

Exposure assessments are baaed on 

uncertainties in exposures is presented 
in the next section. 
Ill. Organization and Conbnb of an 
Exposure Aasessment 
A. Overview 

A suggested outline for art UXT)OBUFB 
assessment document is given in Exhibit 
1. The five major topics to be addressed 
within most exposure asneeemento are 
as follows: Source(s), Exposure 
Pathways, Measured or Entimaled 
Concentrations and Duration, Exposed 
Population(8). and Integrated Exposure 
Analysis. These five topics are 
appropriate for exposure acaesqmsnts in 
general, whether the asseaemen9 are of 
global, national, regional, local, site 
specific. workplace related, or other 
scope. The topics are appropriate for 
exposure assessments on new or 
existing chemicals and radionuclides. 
They are also applicable to both single 
media and multimedia assessments. 
Since exposure assessments are 
performed at different levels of detail, 
the extent to which any assessment 
contains items listed in Exhibit 1 
depends upon its scope. The outline i s  a 
guide to organize the data whenever 
they are available. 
W b l t  14ugSestal O u U h  for an grrporwS 
AsMuamot 
1. Executlve Summary 
2 Intmductlon 

a. Purpose 
b. Scope 

Mixture 
a. ldentlty 
(1) Molecular formula and structure, 

synonyms. and Chemical Abstracts 
Service (CAS) iiumber 

(2) Descrlptlon of grades. contamlnantr, 
and addltlves 

(3) Other ldentlfying charectedstice 
b. Chemlcal and Physical Roperties 

4. sources 
a. Characterization of Roductloa and 

b. Uses 
c. Disposal 
d. Summary of Environmental Releases 

5. Exposure Pathways and Environmental 

a. Transport and Transfomatlon 
b. Identlncatlon of Prlnclpal Pathways of 

c Predlcthq Environmental Distribution 

a. Uses of Measurements 
b. b t h a t l o n  of Environmental 

3. General Information for Each Chemical or 

Dlstributlon 

Pate 

Exposure 

8. Measured or Estlmated ConcentraUons 

Concentrations 
7. Expoeed Populatlonr 

a. Human Populatlonr 
(1) Population slte and charactedstlcr 
(2) Populatlon location 
(3) Populatlon hablts 
b. Nonhuman Populatlonr (where 

(1) Population 0Lre and charactedstlu 
appropriate) 

(2) Populatlon locatlou f 
i (3) Popdation habltr 

a. Calculation of Exposure 
(1) Identiflcatlon of the expored ptpulation 

and critical elemenb of the ecovystem 
(2) ldeatlficatlon of pahways of 1txporure 
b. I4uman Dosimetry and BlologI~~I* 

c De relopment of Expure  %end91 wad 

d. Evaluation of Uncertahty 
(I) Introduction 
(2) h m s r m e n b  bawd on Umited initial 

(3) Aeeessments baaed on rubjective 

(4) heessmenb bawd on data for model 

(5) heessmentr based on data for 

t 
1 
I 
I 

a Lategrated Exporure Analyair 

Measuramentr 

Ronisr 

data 

esthetes  of input variable dirtributionr 

input varlabler 

exposure 

9. References 
la Appendlcer 

B. Detailed Explanation of Outline 

“Executive Summary” should be written 
so that it can stand on its own as a 
miniature report. Its main focus should 
be on a succinct descriptiol; of the 
procedures used, assumptions 
employed, and eummary tables or charts 
of the results. A brief discussion of the 
uncertainties associated with the results 
should be included. 

2. Introduction (Pupae and Scope). 
This section should state the intended 
purpose of the exposure assessment and 
identify the agent behg investigated, the 
types of sources and exposure routes 
included, and the populations of 
concern. 

3. Geneml Information for Each 
Chemical or Mixture. 

a. Identity. (1) Molecular formula and 
structure, synonyms, and Chemical 
Abstracts Service number. 

(2) Description of grades, 
contaminants, and additives. 

(3) Other identifying characteristics. 
b. Chemical and Physical Prcperties. 

(61 summary 

1. Executive Summary. The 

This subsection should provide a 
summar, description of the chemica! 
and physical properties of the agent. 
Particular attention should be paid to 
the features that would affect its 
behavior In the environment. 

4. Soumen. The points at which a 
substance is believed to enter the 
environment should be described, along 
with any known rates of entry. (Points 
of entry may be indoora 6 s  well as 
outdoom: environments include indoor 
settings such as emcee as well as 
outdoor environments.) -4 detailed 
exposure assessment should include a 
study of sourcee, production, uses, 
destruction/disposal, and environmental 
release of a substance. The studies 



Federal Realstor / Vol. 51, No. 185 / Wednesday, September 24, 1988 / Notices 

should include a description of human 
activities with respect to the substance 
and the environmental releases resulting 
from those activities. It should account 
for the controlled mass flow of the 
substance from creation to destruction 
and provide estimates of environmental 
releases at each step in this flow. 
Seasonal variations in environmental 
releases should also be examined. All 
sources of the substance should be 
accounted for with the sum of the usee, 
destruction. and the environmental 
releases. The environmental releases 
can be described in terms of geographic 
and temporal distribution and the 
receiving environmental media, with the 
fonn identified at the various release 
points. 

a. Characterization of Production and 
Distribution. All sources of the 
substance's release to the environment 
coneistent with the scope of the 
assessment should be included, such as 
production. extraction processing, 
imports, stockpiles, traneportation, 
accidental/incidental production as a 
side reaction, and natural sources. The 
sources should be located and activities 
involving exposure to the substance 
should be identified 

b. Uses. The substance should be 
traced from its sources through various 
usee (with further follow-up on the 
products made to determine the 
presence of the original material as an 
impurity). e.g., exports, stockpile 
increases, ete 
c Disposal. Thls subsection should 

contain an evaluation of disposal sites 
and destruction processes, such as 
incineration of industrial chemical 
waste, incineration of the substance a0 
part of an end-use item in municipal 
waste. landfilllng of wastes, biological 
destruction, or destruction in the process 
of using the end product. H d o u s  
contaminants of the substance may be 
Included, and products contaWng the 
substance as a contaminant may be 
followed from production through 
deetruction/dispoeaL 

d. Summary of Environmental 
Releases. Estimates should be made of 
the quantities of the substance released 
to the various environmental media. 
Sources of release to the environment 
include production use, distribution/ 
transport, natural sources, disposal. and 
contamination of other products. 
Environmental releases should be 
presented at a reasonable level of detail. 
Extremely detailed exposure estimates 
would attempt to specify the following 
lnformation for each significant 
emission source: location, amount of the 
substance being released as a function 
of time to each environmental medium, 
physical characteristics of the emission 

source, and the physical and chemical 
form of the substance being released. 
Evaluation of the uncertainties 
assodated with the emission eetimatee 
should be given. A detailed discussion 
of the procedures for estimating 
uncertainty is presented in section ad. 

5. Exposure Path ways and 
Envimnmental Fate. The exposure 
pathways section should address how 
an agent moves from the source to the 
exposed population or subject. For a 
lees detailed assessment broad 
generalizations on environmental 
pathways and fate may be made. In the 
absence of data, e.g., for new 
substances, fate estimates may have to 
be predlcted by analogy with data from 
other substances. Fate estimates may 
also be made by using measurements 
and/or models and lahoratoryderived 
process rate coefficlents. At any leva! of 
detail, certain pathways may be judged 
insignificant and not pursued further. 

For more detailed cmessments 
involving environmental fate, the 
analysis of sources described previously 
should provide the amount and rate of 
emissions to the environment, and 
possibly the locations and fonn of the 
emissions. The environmental pathways 
and fate analysis follows the substance 
from its point of initial environmental 
release, through the environment to its 
ultimate fate. It may result in an 
estimation of ihe geographic and 
temporal distrliwtion of concentrations 
of the substance h the various 
contaminated environmental media. 

a. Transport and Transformation. The 
substance, once released to the 
environment may be transported (e+, 
convected downstream in water or on 
suspended sediment, through the 
atmosphere, etc) or physically 
transformed (e.3.. volatilized, melted 
absorbed/desorbed, etc); may undego 
chemical transformation, such as 
photolysis. hydrolysis. oxidation and 
reduction; may undergo 
biotransformation such a# 
biodegradation; or may accumulate in 
one or more media. Thus, the 
environmental behavior of a substance 
should be evaluated before exposures 
are assessed. Factors that should be 
addressed hcluda: 

How does the agent behave In air, 
water, soil, and biological medla? Does 
it bioaccumulate or biodegrade? Is it 
absorbed or taken up by plants? 

What are the principal mechanisms 
for change or removal in each of the 
environmental media? 

Does the a ent react with other 

le there Intermedia transfer? What 
compounds in 8 e environment? 

are the mechanlsms for Intermedia 
transfer? What are the rates of the 

intermedia transfer or reaction 
mechanisms? 

How long might the agent remain in 
each envhnmental medium? How does 
its concentration change with time in 
each medium? 

What are ti.2 products into which 
the agent might degrade or change in the 
environment1 Are any of these 
degradation products ecological!y or 
biologically harmful? What is the 
environmental behavior of the harmful 

Is a steady-state concentration 
distribution in the environment. or in 
specific segments of the environmenl. 
acbieved'l If not can the nonsteady- 
state distribution be described? 

What is the resultant distribution in 
the environment-for different media, 
different types or forms of the agent, f o r  
different geographical areas. at different 
times or seasOM? 

b. Identification of Principal Pathways 
of Exposure. The principal pathway 
analysis should evaluate the sources. 
locationr, and types of environmental 
releases, together with environmental 
behavioral factom, to detennine the 
significant routes of human and 
environmental exposure to the 
substance. Thus. by listing the important 
characteristics of the environmental 
release (entering media, emission rates. 
etc) and the agent's behavior 
(intermedia transfer. persistence. etc.) 
after release to each of the entering 
media, it should be possible to follow 
the movement of the agent from its 
initial release to its subsequent fate in 
the environment. At any point in the 
environment, human or environmental 
exposure may occur. Pathways that 
result in major concentrations of the 
agent and high potential for human or 
environmental contact are the principal 
exposure pathways. 
c Predicting Environmental 

Distribution. Models may be used to 
predict environmental distributions of 
chemicals. Model estimates of 
environmental distribution of chemicah 
are based on measurements whenever 
feasible. In predicting environmental 
distributions of chemicals. available 
measurements must be considered. 

u s iq  appropriate models. of 
representative concentrations of thc 
agent in different environmental me(' 
and its time-dependence in specific 
geographical locations (e.g., river basill. 
streams, etc). 

Concentrations. 

Measurements am used to identify 
releases [source terms) and. in the 

1' t 
products? 

In this section an estimation is made, 

6 Meosuned or Estimated 

a. Uses of Measurements. 

SO74999 ~6(02)(22-SEP-86-17.08:35) 
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exposure pathwayr and fate 
assesrmenta to quantitatively ertlmate 
both release rates and environmental 
concentre tions. Some examplea of UMO 
of rneaswamrntr are: sampling of r t a d u  
or discharge piper for emlseion, lo the 
environment testing of productr for 
chemical or radionuclide content testlng 
of products for chemical or radioactive 
releases. sampling of appropriate pointa 
within a manufacturing plant to 
determine releasee from industrial 
processes or practiaa urmpling of 
potentially exposed populations using 
personal dosimeters. and sampling of 
solid waste for chemical or radionuclide 
content. These data should be 
characterized as to accuracy. prodelon, 
and representativenees. If actual 
environmental measwmenb am 
unavailable, concentrationr can be 
estimated by various meam including 
the use of fate models (rea previow 
section) or, in the caw of new 
chemicals, by analogy with existing 
chemicals. 

Measurements are a dinct source of 
information for exposure analysis. 
Furthermore, reliable measursmentr CM 
be used to calibrate or extrapolate 
models or calculatio~ to aswan 
environmental distrlbutionr. However, 
environmental pathway and fate 
analysis may be needed in addition to 
the mearursd data for the following 
reawns: for mort pollutantr. particularly 
organic and new chemicala 
measurements are limited; analyris of 
measured data doer not often yield 
relationahips between envhnmentd 
releaser and environmental 
concentration distribution in media or 
geographic  WHOM that have not bean 
measured, analysis of mea~urements 
doer not provide information on how 
and where biota influence the 
environmental distribution of a 
pollutant; and measured concentrations 
may not be traceable to individual 

b. Eet(mation of Environmental 
Concentrations. Concentrations of 
agents should be estimated for all 
environmental media that might 
contribute to significant exposumr. 
Generally, the environmental 
concentrations are estimated from 
measurements, mathematical modelr, or 
a combination of the two. If 
envtronmental mearummento we not 
limited by sample size or inaccuracies, 
then exposure asrerrments based on 
measurements have precedence over 
estimates based on modelr. 

and prerented In a fonnat conrirtent 
with available doseresponse 
information. In rome caeer an ertimate 

L .I 
J 

8OucCe8. 

The concentrations murt be estimated 

so14999 00¶7(03~-SEP-86- I7m.4 I )  

of annual average concentration will be 
scflldent while in other carer the 
temporal distribution of concantrations 
may be required. Fuhm envlronmenlal 
concentrationr mrulting h m  m n t  or 
past releaser, may also be projected. In 
some casea both the temporal and 
geographic dirtributionr of the 
concentration may be a s ~ ~ ~ d .  
Moreover. if the agent har natural 
sources. the contribution of thew to 
environmental concentration8 may be 
relevant Thew "background" 
concentrations may be pdcularly 
important when the resultr of testa of 
toxic effectn show a threshold or 
distinctly nodhear dolsresponw. 

estimated ccncentration, rhould be 
evaluated by an analyrlr of the 
uncertainties of the model parameters 
and input variables. When the estimates 
of the environmental concenbationr M 
baaed on mathsmatical modela, the 
model reaults must be compand to 
available mearursmentr, and any 
rignificant diecrepander rbould be 
d l s d  Reliable. analytically- 
determined valuer must be given 
precedence over eattmated valuer 
whenever rignificant d i m p a n d e r  am 
found 

7. Sxpased Populations. Populations 
relected for rtudy may be done a priod, 
but frequently the populat io~ will be 
Identified ar a rarult of the wurwa and 
fate shrdier. Prom an analysis of the 
distribution of the agent, populat io~ 
and subpopulations (Le, collection8 of 
rubjecto) at potentially hlgb exposum 
can be identified which will then form 
the basis for the populat io~ studied. 
Subpopulationr of high sensitivity, such 
as pregnant women, infanta chronically 
ill, etc. may be studied wparately. 

Census and other runfey data may be 
d to identify and describe the 
population exposed to varlow 
contaminated environmental media. 
Depending on the characterlstice of 
availeble toxicolog(cal data. it may be 
approprlate to d e d b e  the exposed 
population by other charactedrtlca rucb 
as spedea rubspeciesage-rex 
distribution, and health rtatua. 

In many casea. exposed populatlons 
can be d e d b e d  only genarally. In eome 
caws, however, mom rpedfic 
information may be avallable on matters 
ruch ar  the following: 

a. Human Populations 
(1) Population rim and c b ~ ~ ~ ~ t e r t r t l u  

(e.g..trenda, wx/age distrlbution) 
(2) Population location 
(3) Population habltb-transportation 

habit@, eating habits, mcmatlonal habltr, 
workplace babltr, product ure hablta 
etc  

Tbe uncertaintier a s d a t e d  with the 

b. Nonhuman Populations (whem 

(I) Population rim end drarecterlrtica 

(2) Population location 
(3) Population habib 
8. lntegmted f i p u m  Analpis. The 

WPmPriaLe) 

(e.g.. species, trends) 

integrated exposure analysir cornbiben ! 
the estimation of environmental 
concentrations (sources and fate 
information) with h e  description of the 
e x p o d  population to yield e x p u r e  
profiler. Data rhould be provided on the 
s i t e  of the e x p o d  populationr: 
duration, frequency. and intensity of 
exposure: and routes of exposure. 
Exporunr rhould be mlated to MNKWU 

For more detailed as8euammk the 
estimated environmental concentrationr 
should be considered in conjamtion 
with the gwgmphic dirtxibution of the 
human and environmtnlal populationr 
The behavioral and biological 
characterlstia of the expoeed 
populat io~ rhould be coruidmd and 

concentration profiler rhould be 
estimated. The rarultr can be presented 
in tabular or p p h i c  form, and an 
estimate of the uncertainty alsodated 
with them rhould be provided. 

a. Calculation of Bxporum. n i e  
calculation of expoaw Lnvolves two 
major arpectr. 

(1) Identilicatlon of the exyored 
population and dtid elementr of the 
ecosystem. 
The estimate of mvimnmental 

concentrations also rhould give the 
~ p h l c a l  m a r  and environmental 
media contaminated. The rtated purpose 
of the asserrment rhould have desaibed 
the human and environmental rubjecb 
for which exposurae am to be 
calculated. If the rubjectr am not listed 
the contaminated geographical m a r  
and environmental media can be 
evaluated to detelmine subject 
populations. The degree of detail to be 
used in defining the e x p c d  population 
dirtrlbution dependa on the 
concentration gradient over m p h i c  

the e X p -  Of popdatiOM t0 V d O w  

m a r .  
(2) Identlfhtion of pathwayr of 

eXpo8W: 
[a) Identification and deeuiption of 

the router by wNch the rubstances 
travel from production rite, throu& 
w s .  throm environmental resleaeer/ 
Wo1VcBh through transport and fate 
p m e s e a  to the target population. 

(b) Quantitative estimates of the 
amounts of the chemical following each 
exporum pathway. Such ertimates allow 
the various pathways to be put in the 
penpective of relative Importance. 

dirtrlbirtion of environmental 

1 
i 

I 
i 

I 
Prom the geographic and temporal I 

! 

t 
t 

t 
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I concentre tiona the e x p o d  population, 
the behavioral characteristics. and the 
critical elements of the ecosystem. 
exposure distributions can be estimated. 
“be rerulb of exposure calculation 
should be p m n t e d  in a format that is 
consistent with the requirements of the 
done-response functions which may 
later be used in a risk assersment. For 
example. when health rish caused by 
exposure over extended durations are 
connidered average daily exposure over 
the duration of exposure usually is 
calculated When lifetime risks am 
considered, average daily exposure over 
a lifetime usually is calculated. In 
contrast, when health r i r h  cawed by 
exposures over abort durations am 
cormidend exposure rat= am 
calculoted over rhort t h e  intervals to 
emure that peak rish am defined 
Many expasure a r ~ u m e n t s  am b a d  
on the average e x p u m  ocxudng over 
the exposure period. W e  range of 
pouible exporum is usually divided 
into intenalr. and the s x p o s u ~ ~  within 
each internal am counted. The multo 
can be presented in tabular form or a$ a 

The population miding in a rpecific 
geographic area may be expowd to a 
rublance from several exposure mutes. 
For each exposum route. exposure of 
lndlvldualr in these populationa may be 

, 

hhto(pam. 

determined by summing the contribution 
of all murces to the exposu. 
When exposures involve mom than one 
exposure mute, the relative amounts of 
a substance absorbed is usually route 
dependent. Consequently, total 
absorbed dose estimates must account 
for these differences. Because EPA 
regulates sources of releases. the 
contribution to exposures from each 
type of source being considered should 
be +L played. Exposure estimates should 
be presented for each significant 
exposure route, and the results should 
be tabulated in such a way that total 
extema3y applied and absorbed dose 
can be determined. 

b. Human Dosimetry and Biological 
Measurements. Dialogical measurements 
of human body fluids and tissues for 
substances or their metabolites can be 
ueed to estimate current or past 
exposure to chemicals. When analytical 
methods are available, chemicals that 
have been absorbed into the body can 
be meas& in body tissue and fluid. 
Such measurements may be ueed to 
estimate human exposure if the 
chemical substances leave in the body 
reliable indicators of exposure. 
Furthermore. although a compound may 
be relatively easy to detect in body 
tissue. for wme compoundr, attributing 
body budem to specific environmental 

oute. 
releases may be difficult berauue of 
limited ability to obtain environmental 
measurements or appropriate metabolic 
data. 
c Development of Exposure Scenario& 

and Profiles. Depending on the scopi! of 
the exposure assessment, the total 
exporure may be fractionated irdo one 
or more “exposure scenarios” to , 
facilitate quantification. As an ercdrnF!i* 
Table 1 lists seven very broad scenar:i) 
Occupational, Consumer. 
Transportation, Disposal, Food, Dr inh I 1 L i 
Water, end Ambient. For each of the 
scenarios. the major topics necessary to 
quantify exposure include sources. 
pathways, measurements, and 
population cheractcrietics. Investigation 
of only one scenario may be necessary 
for the scope of some assessments. FI - 
example, a pesticide application 
expoaure assessment may consider the 
occupational ecenario which would 
address the exposure to applicators and 
populations in the vicinity of the site. An 
exposum assessment around a 
hazardous waste site may focus on the 
disposal scenario. The exposure 
assessment also may consider other 
scenarios. The more extensive and 
comprehensive the scope, the more 
scenarios are usually involved. 

It will uewlly be advantageow in 
performing M exposure arscsement to 
Identify expcmure Icenarior. quantify the 
exposure in each d o .  and then 
integrate the mcennr~m to estimate total 
exposure. In thir “integrated exposure 
tIdyri8,” tbe 81IlI[uIp ition of 
independent exposurea fmm different 
mcenariol (keeping expasum mutw 
separate) often wil l  m u l t  in a breakout 
of exponvs by rubpopulatione. mince the 
individual losnarjoa wually mat 
e x p u r e  by rubpopulation. Themfure, 
the integrntioa of the rcaador. or 

4 
1 

integrated exposure nnalysia will oRen 
result in an exposure profile. 

For each expoeed mbpopulation, 
exposum profiles should include the rho 
of the group. the make-up of the group 
(am, sex, etc), the murcd of the agent 
the expoaura pathways. the frequency 
and the intensity of exposure by each 
route (dermal. Malation, etc). the 
duration of exposuns. and the form of 
the agent when exporum occun. 
Arsumptionr and uncertaintier 
asrodatad with each rcenario and 
profile should be clearly d i r c u r d  
6 Bvaluatlon of Uncertainty. 

(I) Intmduction. Often an exposure 
assessment progresses through seversi 
stager of refinement. The purpose of 
theee Guidelines is to present methn4. 
appropriate for characterization of 
uncertainty for assessments at varioii, 
stages of refinement, h r n  assessments 
based on limited initial data to those 
based on extensive data. 

The appropriate method for 
characterirlng uncertainty for an 
exporure assessment depends upon th<. 
underlying parameters beim estimateti 
the type and extent of data aveilable, 
and the eetimation proceduree utilized. 
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The uncertainty of interest ie alwaye 
with regard to the population 
characterids being eetimated. For 
example, when the population 
distribution of exposuree is be@ 
estimated. characterization of 
uncertainty addreeees the possible 
difference8 between the eetimated 
distribution of expoeure and the true 
population distribution of expoeure. 

An exposure aeeeeement quantifiee 
Lontact 2f a eubstance with affected 
population membere (human or 
nonhuman eubjects). The meaeure of 
contact (e.8.. environuental level or 
abeorbed dose) depende upon what in 
needed to predict risk An integrated 
expoeure asseeswent quantifies this 
cont ct via all routee of expoem 
(inhdation, ingeetion. and dermtd) and 
a11 expoeure pathwaye (e , 
occupational expoeure, expoeure from 
coneumption of manufactured goods, 
etc.). The exposed populp Con generally 
ie partitioned Lto eubpopulatione such 
that the likely expoeure of all members 
of a eubpopulat:w ie attrib:itabie to the 
same eourcee. Tho expoeure for each 
member of a eubpopulation ie then the 
eum of exposuree over a fixed set of 
eourcee and iiathwaye. The meaeured or 
eetimated expoeuree for membera of a 
eubpopulation are ideally ueed to 
ertimale the eubpopulation dietribution 
of expoeure or characterietics thereof. 
However, a lack of sufficient 
informition sometimes vecludes 
eetimation of the subpopulation 
distributions of expoeure and only 
sum* lay measures of Ws distribution. 
such ae the mean, minimum. maximum, 
etc.. are estimated. LI each caee, 
characterization of uncertainty for the 
exposure aesesement primarily 
addressee Umitatione of the data and the 
eetimathr. proceduree. The proportions 
of the populction members in the 
individual eubpopulations are usually 
eetimated and can be used (by 
combinin& estimated distributione for 
the eubpopulations) to eetimate the 
r'ietribution of exposure for the total 
population. 'Jncertainty conce.riing the 
eizee of thc eubpopulntione ehould be 
addreeeed by discussing limitatione of 
the data and eetimation methode as well 
as by tabulating confidence interval 
estimatee for the population sizee 
whenever possible. 
(2) Aasearments baaed on limited 

inifid dura. The Initial exposure 
aesesement for a substance may be 
based on limited data for exposure and/ 
or ini. ut  varlablee for an exposure 
prediction model [i.e., an equation thet 
expreeeee exposure e8 a functlon of one 
or more input varlables]. These data 
might be either extan! data or data 

.r, 
*/ 

produced by an initial emall-ecale study. 
Tkie limited initial data frequently are 
ineufficient to permit eetimation of the 
entire distribution of expoeure. Inetsad, 
eummary meaeures of thie diehibution, 
euch as the mean, minimum, slid 
maximum, are ueually eetimated. 

If the aeeeeement le baeed on 
measured exposuree, the methode ueed 
to characterize uncertainty depend 
mainly upon whether or not the data 
result from a probability sample for 
which the probability of inclusion 18 
known for each eample member. 
Characterization of uncertainty for an 
aseessmcnt based on a probability 
eample af expoeures is discueeed later 
in eection 8.d.(5). If the meaeured 
exposure; are not baeed on a 
probability sample, acknowledgement 
that no etrictly valid etatietical 
inference8 can be made beyond the 
unite actually in the eample ie one 
aspect of the characterization of 
uncertainty. If inference proceduree are 
implemented, the aeeumptione upon 
which theee inferences are baeed (e.g., 
treatment of the sample ae if it were a 
simple random sample, or aseumption of 
an underlying model) should be 
explicitly etated and juetified. The data 
collection methode and Inherent 
limitatione of the data ehould aleo be 
discussed. 

An initial exposure aeeeeement also 
may be baeed on limited data, such a8 
eetimated ranges, for input variables for 
an expoeure prediction model. The 
exposure prediction model would be 
derived from a postulated exposure 
scenario that describes the pathwaye 
from eow.es to coirtact with population 
membere. If the data were only 
sufficient to eupport eetimatee of the 
ranges of the input variables, the 
expoeure aeeeeement might be limited to 
a eensitidty anrlyqie. The purpoee of 
the scneitivity rJialysls would be to 
Identity influential model input 
variables and develop bounde on the 
distribution of expoeure. A eeneitivity 
analyeis would eetimate the range of 
exposuree that would result as  
individual model input variablee were 
varied from their minimum to their 
maximum poeeible valuee with the other 
input variables held at fixed values, e.g., 
their midrangee. The overall minimum 
and maximum poeeiblo expoeuree 
ueually would be estimated aleo. For an 
exposure assessment of this type, the 
uncertaint: Sould be characterized by 
deecrlblng the limitationr of the data 
used to estimate possible ranges of 
model input variables and by discueeing 
Jurtifimtion for the model. Justification 
OC the model should Lnclude a 
dcscriptlon of the exposure scenado, 

choice of model input variables, nnd the 
functional form of the model. Senuitivity 
to the model furmulation aleo can be 
inveetcgated by replicating tile 
eeneitivity anelyeie for plausible 
alternative modele. 

The sensitivity analysis can be 
enhanLed by computing the predicted 
expoeuree that reeult from all possible 
input variable combinations. If each 
input variable has only a finite eet of 
poseible values, the eet of all poeeible 
combinations of the input variables can 
be formed. and the predicted exposure 
can be computed for each combination. 
Theee expoeure predictione can be used 
to form a distribution of expoeures by 
counting the number of occurrencee at 
each expqeure level or interval of 
expoeuree. This is equivalent to 
eetimating the distribution of expoeuree 
that rwsulte b m  treating all input 
variable co. hatione ae equally likely. 
Thie procedure can also be applied by 
transforming continuous input variables 
inio discrete ones and representing them 
by equally epwed points. In the limit, ae 
the equal spaces become emdl and the 
number of pointe becomee 'age, the 
dietribution of exposure that results 
from counting occurrencee of expoewe 
levels ie equivalent to estimating the 
dietribution of expoeurec that result8 
from etatietically independent, 
continuous input variablee with uniform 
dietributione on (be eetimated rangee. 
Thie estimated dietribution of expoew? 
valuee can be produced by Movte Carid 
simulation, one of the methode of 
mathematical statietice. The Monte 
Carlo method coneiete of randomly 
generating input variate valuee and 
ueing these to compute corresponding 
expoeure levels, generating an expoeurs 
dietribution via many iteratione. 
Interpretation of etatietice baeed on this 
expoeure dietribution would be in terms 
of the equally likely input variable 
combinetione. For example, the 95th 
percentile of thie dietribution would be 
the expoem level exceeded by only 5% 
of the exposuree resulting from treating 
all combinatione of input veriab-e 
valuee ae equally likely. Although thie 
dietribution of exposuree cannot be 
interpreted ae an estimate of the 
population distribution (unleee the input 
variablee actually are statistically 
independent and uniformly dietributed), 
it provides additional information for 
making regulatory deciaione. 
Characterization of uncertainty would 
include a diecussion of lhitatione of the 
data and juetification for the model a8 
discuesed above. Sensitivity to model 
formulation could also be invoetigated 
by erlimatlng k e  dietributlon of 
exposure that reaulte from ueing the 
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same uniform input vdriable 
distributions with plausible alternative 
models and comparing the estimated 
percentiles. 

(3) Assessments based 011 subjoctive 
estimates of i n p t  variable 
disfributions. If a model has been 
formulated that expresees exposure as a 
fwrction of one or more input variables, 
the methods of mathematical statistics, 
such as Monte Carlo simulation, can be 
used to estimate the population 
distribution of exposure from an 
estimate of the joint distribution of the 
model input variables. Ideally, model 
input variables should be represented 
by empirically-validated probability 
distributions. In some cases, it may be 
possible to formulate an estimate of the 
joint distribution of model input 
variaules from discussions with subject 
matter experts (e.g., via histograms for 
stauflticnily-independent input 
var!abl;s). The estimat *d population 
ii'etdbution of exposure will be 
equivalent to the distribution discussed 
in section 8.d.(2) for equally likely 
comlhations of input variable values 
only when the input variable 
distributions supported are independent 
uniform distributions. When qualitative 
knowledge of input variable 
distributions is used to estimate the 
population distribution of exposure, 
ulicertainty is characterized by 
discussing justificaJon for the preeumcd 
model and input variable distributiona. 
Alternative models and/or elternalive 
input variable distributions also should 
be discusseu. Sensitivity to these 
alternatives can be investigated by 
estimating the distributions of exposure 
that result from plausible alternatives 
and comparing the percentiles of the 
estimated exposure dis:ributions. All 
available data, even if data are limited, 
should be ueed to validate the presumed 
input variable distributions and the 
predicted distribution of exposure. 

(4) A! ssessments based on data for 
model input variables. The exposure 
aseessment based on an estimate of the 
joint probability distribution for model 
input variables can be refine'd by 
collec'hg sample s w e y  data for model 
input varinbles for a eample of 
populatioi. &embers. The population 
diatributir,n of exposure can then be 
estimated by computing the expected 
exposure for each samjde member based 
on the model. Thcee expected expoeures 
can be used to directl, compute 
confidence interval estimates for 
percentiles of the -oosure distribution. 
Alternatively. 1) w p l e  survey data 
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can be used to compute joint confidence 
lnturval estimates for percentiles of the 
input variable distribution, which can 
then be used to generate confidence 
interval eetimates for percentiles of the 
exposure distribution. In either case, the 
interval estimates for percentile0 of the 
exposure distribution are a useful 
quantitative characterization of 
uncertainty. 

Characterization of uncertainly for the 
exposure assessment would contain a 
thorough discussion of limitations of the 
data and justificatiog for the model used 
to compute expected exposures. The 
design of the sample survey used to 
produce the data base should also be 
discussed. If a Probability sample were 
not used, the lnck of a probability 
sample would be an additional source of 
uncertainty. Any assumptions used in 
computing the confidence interval 
estimates. such as independence of 
model input variables. should be 
explicitly stated and justified. 
Sensitivity to model formulation can be 
investigated by estimating the 
distribution of exposure for plausible 
elternalive models and comparing the 
estimated percentiles, if sample eurvey 
data have been collected for the input 
variables of the alternative models. 
Appropriate available data for exposure 
should be used to validate the predicted 
distribution of exposure. If specific 
probability dietributione have been 
presumed for any model input variables, 
the data for these variables should be 
used to test for goodness of fit for these 
distributions. 

(5) Assessments based on data for 
expomre. A major reduction in the 
uncertainty associated with an exposure 
assessment can be achieved by directly 
measuring the exposure for a sufficiently 
large sample of members of the affected 
population. This reduction in 

uncertainty is achieved by eliininsting 
the use of a model to predict exposure. 
The measured expoeure levels can be 
used to directly estimate the population 
distribution of exposure and confidence 
interval estimates for percentilee of the 
exposure distribution. Direct confidence 
interval estimates also can be computed 
for other characteristics of the expo'sure 
distribution, such as the mean exposure. 

These confidence interval estimates 
are then the primary chflracterizalion of 
uncertainty for the exposure 
assessment. Limitations of the data and 
design of the sample s w e y  used to 
collect the data also should be 
discussed. If the sample was not a 
probability sample, this woldd again be 
an addittonal source of uncertainty. 

(e) Summary. A summary of the 
primary methods recommended for 
characterizing uncertainty in exposure 
assessments is presented in Table 2. 
Virtually all exposure assessments, 
except those baned on measured 
exposure level8 for a probability sample 
of population members, rely upon a 
model to predict exposure. The model 
may be any mathematical function, 
simple or complex, that expresses an 
individual's exposure as a function of 
one or more input variables. Whenever 
a model that has not been validated is 
used as the basis for an exposure 
assessment, the uncertainty associated 
with the exposure assessment may be 
substantial. The primary 
characterization of uncertainty is at 
least partly qualitative in this case, i.e., 
i t  includes a description of the 
assumptions inherent in the model and 
their justification. Plausible alternative 
models should be diecussed. Sensitwily 
of the exposure assessment to model 
formulation can be investigated by 
replicating the assessment for plausible 
alternative models. 

' 

TABLE 2.cUMMARY OF PRIMARY METHODS FOR CHARACTERIZING UNCERTAINTY FOR ESTIMATINQ 
EXPOSURES 
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When an expoeure aeeeeement ie 
baeed on directly meaeured expoeure 
levele for a probability sample of 
population members, uncertainty can be 
greatly reduced and described 
quantitatively. In thie a c e ,  the primary 
eomee of uncertainty are meaeurement 
errore and ehmpllng errore. The effecte 
of theee eourcee of error are meaeured 
quantitatively by confidence interval 
eetimatee of percentiles of the expoeww 
dietribution. Moreover, the eampling 
emre  can be hii ted by takiing a large 
sample. 

Whenever it le not feaeible to take a 
large sample, it ie eometinee poeeible to 
obtoin at leaet some data for expoeure 
and model input variablee. Theee data 
should be used to aeeeee goodneee of ftt 
of the model and/or preeumed 
dietributione of input variablee. Thie 
substantially reduces the amount of 
quantitative uncertainty for eetimation 
of the dietribution of exposure aqd ie 
etrongly recommended. It ia recognized, 
however, that it may nat be feasible to 
collect euch data. 

9. Referencerr. The references should 
contain a lieting of all reports. 
documente, articlee, memoranda, 
contacte, etc. that have been cited in the 
report. 

10. Appendices. The appendices uay  
contein such i!eme as memoranda and 
lettere that are not readily accessible, 
other tables of measuremente, detailed 
lisle of erniesion eourcee, detailed tables 
of expoeuree, process flow diagrams, 
mathematical model formulations, or 
any other item that may be needed to 
describe or document the exposure 
assessment. 

1. IMWbtn d Ih. otr.... 
2 . V d W y d U w m p a w ~  

mod*. 

Part B: Response to Public and Science 
Advisory Boarti Comments 
I. Intmduction 
This eection eummarizee eome of the 

ieeuee raieed in public commente on the 
Proposed Cuidelinee for hpoeure 
Aeeeesment publiehed November 23, 
1964 (49 FR 46304). Commente were 
received from 29 individuale or 
organizetione. The Agency'e initial 
eummary of comments wee preeented to 
the Expoeure Aeeeeement Guidelinen 
Review Group of the Science Advisory 
Board (SAB) on March 4,1985. At ite 
April 22-23.1985. meethrg, the panel 
provided the Agency with euggeetione 
and recommendations concerning the 
Guidelines. 

The SAB and public commentore 
expressed diveree opinions and 
addreeeed ieeuee from a variety of 
perepectivee. While most commentore 
eupported the Cddelinee, two w e d  
withdrawal of the document. The SAB 
Panel recommended that eupplementary 
guidelines be written on the uee of 
lneaeuremente in preparing cxpoeure 
assessments. In addition, the Panel 
wished to see a greater emphasie in the 
current Guidelines on the use of 
measured data rather than modele in 
genera- expoeure aseeesments. The 
Panel recommended that the technical 
support document entitled 
"Methodology for Charactedzation of 
Uncertainty in Exposure Aeseeemente" 
be expanded with additional examples. 

In response to the comments, the 
Agency has modified or cladfled many 
sections of the Culdelines, and is 
plannlng to develop supplementary 
guldance in line with the SAD 

recommendatione. The diecueelon that 
follow# highlights significant ieeuee 
raieed in the commente, and the 
Agency'e reeponee to them. Also, mony 
minor recommetdatione, which do not 
warrafi. diecueelon here, were adopted 
by the Agency. 
II. Ceneml In formation 
A. Acceptable Latitude of Approach 

Guidelinee are too general and allow too 
much latitude in choice uf approach and 
do not aeeure that "all" data, eourcee, 
limitaticne, etc. are coneidered before an 
expoeure aeeeeement le conducted. 
Othere euggested that the tgency 
epecify models to be ueed whiie othere 
thought h a t  only meaeured data ehould 
be sllowed. 

The Cuidelinee were developed to 
provide aeeietance in carryins out 
expoeure aeeeeemente. The approach 
euggeeted ie deliberately general in 
order to accommodate the development 
of expoeure aeeeeemente with different 
levele of detail depending on the scope 
of the aeeeeement. The Agency doee not 
agree with the inclueion of euch 
reetrictive terminology ae "in all caeee." 
We cannot foreeee all poseible caeee. 
We believe reaeonable flexibility ie a 
neceeeary u d i e n t  for the proper 
imp1ementat;on of the Cuidelinee while 
relying on uncertainty and eeneitivity 
analyees to put the quality of the 
epproach in perepective. 
B. Technical Nature of Guidelines 

Some commentom believe the 
language of the document ie too 
technical for the lay pereon to 
underatand; one conunentor expreeeed 
miegivinge concerning the %atesf-the- 
art" methode available for conducting 
exposure aeeeermente. 

While the Agency reco@zee that the 
public hae an Interest in the Guidelinee 
and invitee commente from the public, 
the Guldelinee are intended for uee by 
technlcal/profeeeional people. Providing 
guidelinee written in lay terne would 
reeult in incufficient technical 
epecificatione to the profeeaionals in the 
development of ecierdifically acceptable 
expoeure aeeeeemente. 

euggeeted proceduree and methode in 
the Guidellnee are commonly accepted. 
The Guidelinee do not suggeet the uee of 
ad hoc, unteeted, and unvalidated 
proceduree, but etreee the use of the beet 
scientific methode available 4 t h  
maximum analysie of existing data. Thle  
Is both a scientific and practical 
epproach that reflecta the level of 
coneensue within the Agency. 

I 

Some commentore believe the 

The Agency believe8 that the 

SO74999 006 t(03X22-SEP-86 17m52) 
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C. Meaeuremente ve. Modeiing 

meaeuremente alone to develop an 
expoeure aeeeeement. Some believed 
there ehould be no data reetrainte: 
othere thought all data ehould be 
valldated. Other commentore argued for 
the uee of eimulation model eetimatee 
without meaeuremente. One commentor 
objected to the uee of unvalidated 
modele to perform expoeure 
aeeewmente. In ite review, the SAB 
etrongiy encouraged the Agency to 
develop a eupplement to the current 
Gddelinee on the development and uee 
of meaeuremente for expoeure 
aeeeeemente. 

The Agency encourage8 the uee of 
validated meaeuremente when 
available. The Guidelinee epecifically 
etate that "Reliable, analytically 
determined valuee ehodd be given 
precedence over eetimated valuee . . ." 
and analytically determined valuee ". . . 
can be ueed to calibrate. . . modele . . . 
to aeeeee environmental dletributlon." 
Furthermore, in practice, expoeure 
aeeeeemente performed by the Agency 
uee publiehed rnozlele with varying 
degreee of teeting and validation. It le 
our belief that traneport proceee modele 
have been adequately validated over 
many eare in moet caeee. 

Fde rmore .  the Agency has revieed 
the Cuidellnee to reflect the SAB 
euggeetione that expoeure aeeeeemente 
baeed on reliable meaeured data are 
preferred over model eetimatee 
whenever feaeible. 
11. Data A vajlabiljty and Uncertainty 
Analysis 
A. Information Ueee 

Some commentore aeked for guidance 
in the uee of information that may be 
falee and how to deal with the potential 
eituation when different modele give 
different reeulte. Othere asked for model 
eelection criteria. 

"he Cuidelinee clearly etate the 
coneiderations that need to be 
addreeeed when aeeembling information 
baeee for expoeuw aeeeeemente. Two 
coneideralions are: qualitative and 
quantitative nature of the data and the 
reliability of the information. Whether 
the expoeure aseeeement ie baeed on 
meaeuremente or eimulation model 
eetimatee, an evaluation of uncenaintles 
aeeociated with the data includhq 
eource data and aesumptione le 
neceeaary and important. 

When there le uncertainty in the 
scientific facts. it is Agency policy to err 
on the slde of public safety. The Agency 
intende to be realietic, but will ncbt 
arbitrarily sclect mldrmgee of 
envlronmental c?lsMbutions that may 

Some commentore eupport the uee of 

9 

compn niee human health. In addition, 
qua!ity aeeurance le an important matter 
that requiree detailed attention. The 
collection ntmeaeured data and the 
deve1opmo::t of methode to collect 
meaeureme :B are done by another 
office within the EPA. These ieeuee will 
be handled b) he Office of Acid 
Depoeition, Environmental Monitoring, 
and Qutility Aeet: ence a8 they develop 
the eupplementa. widellnee for 
measurement of ekpoeure. 

Subetantial work ie currently being 
done on the develop :ent of 
mathematical model clelection criteria. 
Reeulte of theee efforte will be publiehed 
ae a technical eupport doctunent 
containing detailed Information to 
further implement the Cuidehee. 
B. Woret-Caee Estimate8 

A few commentom were concerned 
that woret-caee eetimatee would be ueed 
when data are nonexletent or lM!ed. 
The Gddelinee do not encourage the uee 
of woret-caee aeeeeemente, but rather 
the development of realistic 
aeeeeemente baeed on the beet data 
available. 

eubetantlal eection of the Cuidelinee 
currently diecuee evaluation of 
uncertainty in order to produce 
objective aeeeeemente ueing the beet 
(not woret-caee) eetimates available 
either for preliminary or in-depth 
expoeure aeeeeemente. However, the 
Agency will err on the eide of public 
health when evaluating uncertaintiee 
when data are limited or nonexistent. 
W. Evaluation of Uncertainties 
A. Uncertainty Analyeie 

Many commentore felt that the 
eections of the Cddelinee that dealt 
with uncertainty needed amplification 
while eome eectione ae written were 
confueing. Some urged that uncertainty 
evaluation be presented and 
documented for each eection within a 
epecific expoeure ecenario in order to 
fudge the overall plaueibility of the 
aeeeeement in reaching regulatory 
decieione. 

Since the accuracy of an exposure 
aeeeeement is influenced by the degrees 
of uncertainty contained in both data 
and aeeumptione, the Cuidelinue call for 
the evaluation of these uncertainties. 
The technical support document, 
Methodology for Characterization of 
Uncertainty in Exposure Aseeeemente 
(available from the National Technical 
Information Service, PB85-%40456), 
describee in detail how such analyses 
can be performed. The Cddelinee 
suggest thet the uncertainty 
characterlzation Include a dlscusdon of 

A technical eupport document and a 
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the llmltatione of the data and 
eetimation proceduree ae the 
juetiflcntion for the model choeen. A 
eeneitivity analyele of the expoeure 
aeeeeement ie appropriate if the data 
were only able to eupport the estimates 
of rangee of the input variobli.8. Ry 
ident&ing model input veriehlee that 
determine the bounde on th i  ctjfjetribulion 
of expoeure, the range of exposure, 
which reeulte 8 8  individJal i2oJel input 
variablee are varied from mu imurn to 
maximum poseiblc valuee ae oiher 
variablee remain constant, conetitutee 
the eeneitivity amlyeie. Further 
eeneitivity of model formulation can be 
cxamined by repeating the eeneitivity 
analyeie for plaueible alternative 
modele. 

Nothing in the Guidelines precludee 
eetimation of uncertainty for each 
epeclfic expceure ecenario. The Agency 
hae encouraged the evaluation of 
uncertainty in each aepect of the 
expoeure aeeeeement which could 
impact the total riek eetimate. It is 
important to eetimate the level of 
uncertainly in riek aeeeeemente eo that 
decieione baeed on riek aeeeeement will 
reflect total uncertainty. The 
information preeented in the Guidelinee 
or the technical eupport documente 
properly and adequately deecribee the 
extent and quality of appropriate 
uncertainty analyele. Recognizing that 
the bade for the decision to refine a 
preliminary expoeura aeeeeement 
involvee riek nianagemen I ,  the Agency, 
at the euggeetion of many cowentore, 
decided to etrike from the Cuidelinee the 
paragraph beginn4 "If the maximum 
poeeible oxpoeure . . . ." in eection 
III.B.8.d.(2). 
B. Population Characterization 

The Cuidelinee etate that 
identification of populatione and 
eubpopulatione at potentlally hlgh 
expoeure forme the bade of the 
populatione to be etudied. Separate 
etudes of eeneitive eubpopulation call 
aleo be included. Population 
characterletice, euch ae age and/or eex 
dietributions, can be derived from the 
ueo of geogrbphlc and activity-epecific 
data. Uncertainty relate6 to eetimetion 
of a population characterietic include a 
diecueeion of the date limitations end 
the estimation proceduree. In addition, 
uncertainty in eetimating eizee of 
eeneitive eubpopulaucne ehould include 
eetimatee of confidence intervale. 

Some commentore euggeeted thr 
inclusion of additional characterislit.., 
euch ae occupatlonel and life style 
factors, and the Inclusion of addition.tI 
gddance concerning potential pitfalls 
when conducting population exposurf- 
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aeseeemente. Others expreeeed concern 
that the expoeure of a particular 
eubpopulation would be comblned wit5 
other expoeuree to produce an average 
expoeure level for the geiieral 
populo tion. 

The eec tion deecribing population 
characterization encompaeeee, in 
Reneral terme. the many charactc-fetice 
that may be available, including life 
style factore. to deecribe expoeed 
populatione. The Agency agreee that 
there are difficultiee aeeociated with 
epidemiologic studiee. The relationehip 
between expoeure aeeesemente and 
epidemiologic etudiee ie currently being 
inveetigated and will be the eubject cf a 
future tcchnlcal eupport document and 
the further refinement of the Cuidelinee. 
V. Clxification of Terminology 
A. Expoeure ve. Doee 

the American Society for Testing and 
Materiale (ASTM) definition of 
expoaure. Concern was eleo raised 
about the aesertion that expoeuree can 
be estimated when biological tieeuee for 
fluid meaeurementn indlcate the 
preeence of a chemical. Some 
commentore found difficulty in the 
wording of the laet eentence in section 
II.A., epecifically 'The route of 
expoeure . . . impacte . . . the overall 
exposure. . . .'e 

It le the Agency'e opinion that the 
melnbere who served on the ASTM 
Committee E-07 had expertise in 
expoeure aeeeeement. The ecientiete and 
engineere cumdatively poeeeeeed many 
yeare of experience in expoeure 
aeeeeement. In addition, no technical 
eociety hae presented an alternate 
definition of expoeure. The Agency will 
coneider changing the definltiun if a 
reasonable alternate deEnition ie 
written and agreed upon by the 
ecientific community. 

The Agency agreee with the 
commentors who were concerned that 
the wordifid provided in the Guidelines 
that the preeence of a chemical in 
biological tieeue can be ueed to eetimate 
expoeure ie not correct in all caees. 
Coneequently, the word "can" was 

Commentore expreeeed concern with 

changed to "may" to reflect the current 
level of underetanding between tieeue 
reeidue and exposure (II.A., 2nd 
paragraph, 4th eentence). The Agency 
agreee with eeveral commentore' 
colicerne that the route of expoeure 
impacte the overall abeorbed doee, not 
the overall expoem, and the Guldelinee 
reflect thie change (ILA., laet eentence). 
B. Mixtures end Synergiem 

Some commentore thought more 
diecueeion was neceeeary on the effect 
of chemical mixturee and potential 
syneqietic effect on expoeure. The 
Guideline8 for the Health Risk 
Aeseeement of Chemical Mixturee 
lncludee a diecueeion of chemical 
eynergiem. The Agency recognizee the 
need to do further work In the area of 
expoeure to mixturee. It ie recommended 
that thie be identified ae an area 
requiring further reeearch. 

Theee Cuidelinee etreen the need to 
determine the producte into which the 
chemical might degrade or react In the 
environmmt and to determine if any of 
these producte are ecologically or 
biologictllly harmful. 
C. Removal and Creation Stepe 

Some commentore urged that more 
emphaeie be placed on changee that 
occur once the materiale have entered 
the ambient environment. Other 
commentore argued that our current 
underetanding will not allow a 
comprehensive treatment, particularly 
for metabolic proceeeee. 

Theee Guidelinee state the need to 
addreee how a chemical agent movee 
from the source to the exposed 
population, which may reeult in the 
estimation of geographic and temporal 
diehibutlone in varioue environmental 
media. The Guidelinee aleo etate the 
need to know euch factore ae, for 
example, whether the chemical agent 
bioaccumulatee or by what mechanlem 
the agent ia removed from each medium 
and the role of any degradation producte 
on ecological eafety. We have already 
etated that guidance for analyeie of 
metabolism data is an area of ongoing 
research which includes consideration 
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of netaboliem data in the calculation of 
whole organiern doee from one epeciee 
to anothcr. 

* VI. Purpose, Philosophy, and Results 
Several commentore raieed queetione 

related to the baeic etyle of the 
Gddelinee. Among the iesuee raieed 
were: 

risk aeeeeumentlriek management 
(many commente directed to 
appropriateneee of Figure 1): 

etatutory/regulatory authority and 
uees of reeulte; and 

the need for peer review of 
aeeeeemente and pcriodic updatlng of 
Cuidelinee. 

A deliberate effort to eeparate risk 
aeeeeement from riek management hae 
b sen made. The management of 
complex ieeuee euch ae procedural 
ieeues, which include coordination or 
linkage among divieione in the Agency, 
are beet dealt with by management and 
not in Guidelines. 

The decielon pathway (Figure 1)  wae 
included hi the Cuidelinee at the 
recommendation of the SAB. It has 
drawn many commente. The changee 
suggested would include additional 
detail and etepe that would diminieh the 
value of the graphic. However, the figure 
hae been truncated to remove dek 
management etepe. 

In order to remain coneietent with the 
eeparatlon of riek aeaeesment and riek 
management, any direction8 to coneider 
applicable lawe or regulatory decieione 
have been etricken from the Cuidelinee. 

The Agency agreee that peer review le 
an important aepect of the aeeeeement 
process. However, emergency caeee 
may not allow peer review in 
prelMrlary aeeeeemente. All 
nonemergency expoeure aeeeeemente 
have been peer reviewed and will 
continue to be peer reviewed. Finally, it 
le clearly etated in the Gddelinee that 
perlodlc rovieion of the document will 
be done to reflect the benefit of 
experience and knowledge. 
[FR Doc. 86-18801 Filed 9-23-86; 845  a.m.] 
b(LuNaco#- 

the role of expoeure aeeeeement in 
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ENVlRONMENTAL PROTECTION 
AGENCY 

40 CFA Part 61 

I AO-FA-3060-71 

National Emisslon Standards  for 
Hazardous Air Pollutants (NESHAPs); 
Standards for Radon-222 Emissions 
f r o m  Licensed Uranium Mill Tailings 

AGENCY: Environmenial Protection 
Ageiicy [ EPA). 
ACTION: Filiiil rule. 

SUMMARV: l'his final rule establishes 
wurk practices that apply to tailings at 
licensed uranium mill sites. Radon-222 is 
emitted from these tailings in amounts 
sufficient to produce a risk to public 
health. l h e  work practices established 
here will limit the emissions of radon- 
222 in accordiince with Scction 112 of 
the Clean Air Act. 
EFFECTIVE OATE: Tlie f ind  rule is 
effective on September 24,1986. 
ADDRESSEES: 'I'he rulemiiking record is 
containcil in Docket No. A-79-11. This 
docket is iivailahle for public inspection 
l~ctwunn fi:W a m .  and 4:oO p.m., Montley 
through Friday. a t  EPA's Central Docket 
Section, West Tower Lobby. Gallory 
One, Wiltcrside Mull. 401 M Street, SM'.. 
Washiiigton, DC 2M60. A reasonable fee 
niny Le charged for copying. 
FOR FURTHER INFORMATION CONTACT: 
l'errerict. A. Mcliiuglilin, Chief, 
Environmental Standards Branch, 
Criteria itnd Stirndards Division (ANH- 
460). Ol'lice of Hiidiation Programs, U.S. 
Envirocmentid Protection Agency. 
Washington. DC 20460. (202) 475-9010, 

L. Supporlirig Documents 
The draft biickground information 

docilnimt and draft economic analysis 
issued in support of the proposed rule 
have been revised in response to public 
comnieiits and are  now issued in final 
form t i t l d .  respectively. "Background 
Inforriiiition Document-Final Rule for 
Radon-222 Emissions from Licensed 
Uranitini Mill Tailings" (EPA 520/1-8& 
009) uccl "Economic Analysis-Final 
Rule for Radon-222 Ernissions from 
LiceEsr:d Uranium Mill Tailings" (EPA 
52U/l-UIj-010). 

I hc tluciinicmts cuiitiiin projections of 
ridon c-riiissioris and tlie resulting risks 
to nearby individuals and IO populatiunv 
due to Ihc operation of the uranium 
milling intitistry, a description of radon 
control ickhnulogy and associated costs, 
and a n  environmental and economic 
analysis of the effects of dternative 
control strategies on the industry. 

-- ---- 

SUPPLEMENTARY INFORMATION: 

* .  

I n  addition, the Agency's summary of 
p~t r l ic  comments on the proposed rule, 
together with the Agency's reply to 
these comments, are  contilined in the 
document "Response to Comments- 
Final Rule for Radon-222 Emissions from 
Licensed Uranium Mill Tailings" (EPA 

be obtained from the Program 
hlanagemcnt Office (ANR-459), Office 
of Radiation Programs, Environmental 
Protection Agency, Washington, DC 
20480, (202) 475-8386. 
11. Basic Terms Used in the Notice 

Definitions of basic ternis used in this 
notice a re  given below: 

1. ALARA-A practice in radiation 
protection that encouriiges radionuclide 
emissions to be  kept "us low as 
reasonably achievable." 

2. Continuous disposnl--A method of 
tailings management and disposal in 
which tailings are  dewatered by 
mechiinical methods soon after 
generution. The dried tailings ure then 
placed in trenches or other disposal 
areas and  immediately covered. 
3. Covered-Disposal of tailings in 

uccorddnce with specifications required 
by regulations uppearing at 40 CFR Part 
192 and issued under the Uranium Mill 
Tailings Radiation Control Act 
(UMTRCA). 

from conventional niilling of uraniuni 
ore. Tailings a re  classified as eitlier 
sands or slimes depending on piirticle 
size. Processing 1 ton of ore produces 
approximately 1 ton of tailings. 

5. Phoscd disposuf-A method of 
tailings management and disposal that 
uses a series of small impoundments. 
Tailings a re  pumped to one 
impoundnient until it is filled arid then 
pumped to the next impoundinmt. The 
filled impoundment is actively 
dewatered, or illlowed to dry naturally, 
and then immediately reclaimed. 

8. Ilodort-Radon-~2; a n  iriert 
radioactive gas. 

7. Radon decogp~.ud~~cts-The seven 
principal radionucldes that are  
produced as rudon-222 decays to 
nonradioactive letid. Radon-222 short- 
lived decay products means the four 
radionuclides with hdf.lives less than 
20 minutes produced as riiclon-222 
d c c ~ ~ s  to leiid-210. 

8. Single cell disposcil-A method of 
tailings management that uses a large 
impoundment designed to contain d l  
tailings generated during the lifetime of 
the mill. At the end of the mill life the 
impoundment is actively dewatered or 
allowed to dry and is then inimediiitely 
reclaimed. 

520:1-86011). 
Single copies of these documents may 

4. Illill tailiigs-The waste  resulting 

Q. Tailingspile-The on-site wnste 
impoundment in which tailings are 
deposited. 

111. Background 

A. Industry Description 
Uranium milling involves the hiindling 

of large quantities of ore containing 
uranium and its decciy producte. In this 
ore, the coiicentration of uranium and its 
decay products is about one thousand 
times greater than in other rocks arid 
soils. Uranium milling recovers the 
uranium in the ore by mechanical and 
chemical processes that generate waste 
tailings. The ore is first crushed, 
blended. end ground to the propt'r size 
for the leaching process, which extracts 
uranium. Several leaching processes are 
used, including the use of acid, alkali, 
and a combination of the two. After 
uranium is leached from the ore, it is 
concentrated from the leachate through 
ion exchange or solvent extraction. The 
concentrated uranium is then extracted 
from the concentrating niedium, 
precipitated, dried, and packaged. l'he 
depleted ore. in the form of tailings, is 
pumped to a tailings pile ns a slurry. 

Since ore g e n e r d y  contains less than 
0.5 percent uranium by weight, every ton 
of ore processed results in almost n ton 
of tailings. The tailings contain virtually 
all of the uranium decay products 
present in  the ore. i:.cludirig thorium-230 
and radium-220. which decay to radon. 
Previous risk analyses have shown that 
radon presents the highest risk of any 
radionuclide released to air a t  uranium 
mills and  that the tuilings pile is the 
most significant source of radon. 

The 28 licensed uranium mills in the 
United States are located in Colorado, 
New Mexico, South Dukota, Texas, 
Utah. Washington, and Wyoming. In 
addition. four niills have been licensed 
but not built. l'hc milling industry is 
depressed due to a decline in the 
demand for uruniuin and conipetition 
from low-cost foreign sources. Three 
mills a re  actively processing ore, 17 are 
on standby and could process ore in the 
future if market conditions improve, and 
8 are being deconimisjioned und will no 
longer process ore. The 20 licensed mills 
that are actively processing ore or on 
standby were considered in the 
unalyses reported in the suppor ling 
documentation. l 'hese 20 mills have 
ubout 35 tailings irnpoundn~cntv 
associated with them. Recently, three of 
these niills have indiccited to the NRC 
that they will no longer process ore tlnd 
intend to reclaim the Bites. 

Past milling activities have generated 
about 200 million tons of tailings. 
Production at  conventional mills petrked 



I .  

I .  

Federal Register / Vol. 51, No. 185 1 W e d n e s d a y ,  S e p t e m b e r  24. 1980 I Rules and Regulat ions 34as7 
- ---_._-.-. ---- - ----__ I____- - 

in 1900. when 21 mills recovered more 
than 17 thousand tons of uranium and 
generatrd more than 14 million tons of 
tailing. The industry is currently 
operating at  about 10 percent of 
capocity due to the depressed market. 
At this level of production, the industry 
is recovering about 1.8 thousand tons of 
uranium and generating about 1.4 
million tons of new tailings annually. At 
full capacity, the industry could generate 
approximately 14 million tons of tailings 
a year. 
8. Estimates of Exposlire a n d  Risk 

Exposure estimates are based on 
radon emissions from tailings pilcs, 
fiince emissions and risks from other 
parts of a uranium mill are  small in 
comparison. Radon emission rate 
estimntes a re  based on the radium-228 
concentrntion in the tailings using the 
relationship of 1 picocurie of rodon 
emitted per square meter per second for 
each picocurie of radium-220 per gram of 
tailings. It is assumed that the radium- 
220 is evenly mixed throughout the 
tailings and that radon is emitted from 
all dry exposed surfaces of tailings. Thc 
radium-226 content of the tailings is 
derived from the relationship of one- 
tenth of one percent of uranium in ore 
equalling 280 picocuries of radium-228 
per gram of ore  and the assumption that 
all the rodium-228 in the ore finds its 
way into the tailings pile. 

Standard meteorological transport 
models are  used to estimate rndon 
concentrations in air a t  various 
distances from the piles. Exposure to 
radon decay products is then es!imatcd 
frnm the radon concentration in air. The 
final risk cstimates are  a product of the 
units of radon decay product exposure 
levels and a risk factor thiit relates risk 
to a single unit of exposure. 

Two measures of human exposure a r e  
of par t icdm interest: "nearby individual 
risk' and "total population impact". The 
former refers to the rstimnted increosed 
lifetime risk to inrlividuiils who spend 
their entire life a t  the locnlion of existing 
residences where predicted 
concentrntionfl of the polllitant tire 
highest. Nearby individual risk i!, 
expressed as a probability; for exilmple. 
a risk of one in one thousiind me'ins thnt 
a person spending his lifetime at the 
point of mmimum exposure has a n  
estimatcd increased risk of one in one 
thousand of developing a fa tal cancer. 
Estinia!ea of nearby indivitlu;il rizk aye 
best estimates. and nre not upper bound 
estimates. 

population impact", considers people 
exposed at all concentrations. low as 
well as high, nnd i t  considcrs people 
exposed throughout the United Staten, 

The second measure, "1ot;il 

RY appropriate. It is expressed in terms 
of annual number of fatril cnncer cases 
and provides a measure of the overall 
impact on public health. For example. a 
toto1 population impact of 0.5 fatal 
cancer case3 per year means that 
emissions of the specific pollutnnt are 
predicted to cause one case of cancer 
every 2 years. As distance from R source 
increases, risks to specific persons 
decreose and become extremely small; 
but, considering the total population 
exposed, the sums of these risks may be  
significant. 

The two estimates together provide a 
br t t r r  description of the magnitude and  
distribution of risk than either number 
alone, "Nearby individua1 risk" gives a n  
estimnte of the highest risk, but not how 
many people may hear that risk. "Total 
population impact" describes the overall 
estimated health impnct on the entire 
exposed populatibn. but not how much 
risk the most exposed persons may bear. 
For example, two sources of 
radionuclide or chemical emissions 
could have similar populatioil impacts 
but very different maximum individual 
risks, or vice versa. Both estimates a re  
important and both are  used in making 
risk management decisions. The risk 
estimates should not be viewed a s  
precise determinations of likely herllth 
damnge, hut rather ns o general 
indication of estimated health risk. 

EPA's analysis of risks due to radon 
emissions from existing uranium tnilings 
piles concluded 
1. Lung cancer. which is caused by the 

short-lived decay products of radon, is 
the dominant health hazard from 
tililings Estimated erfects of gentme 
radialion and of long-lived decay 
products of radon arc? less significant, 
dthough high gnmma radiation 
exposures may sonictirnes occur. 

2. Individirals living near a n  
uncontrolled tnilings pile a re  subject to 
high risks due to ructon emitted from 
tailings. Radon contained in the ambient 
nir enters homes and other structures 
built n e w  thc mill throiigh doors and 
other openings in the s!ructure. The 
rrsultina rndon decay products tend to 
concrntr;itc indoors. thus exposing thc 
occupnntn to potentially hnrniful levels 
of them rildionuclitlcs. 'The EI'A 
estimates t l int ,  at presrnt, snme persons 
may be  exposed to risks thnt ore as high 
as one in one hundred. This estimate is 
based on median risk estimates and nn 
assumed exposure of 70-years during 
which emission levels remain the same 
os present values. Of course, this time 
period is longer than nssunicd in EPA's 
"40-yeiir" an;ilysis. Using the 40-year 
analysis, a n  exposure posing this level 
of risk could only occur if  a n  individual 
remained at  thiit locrition for the full 70- 

year period, and the pile preacntitig thiit 
risk was replaced af!er closure by 
another pile presenting the same risk 
factors. 

exposed populations (local, region;il. 
and national], about one to five f i ~ t i ~ l  
cancers per year are  estimated from 
emissions of radon from tailings at Ihc! 
20 mill Rites being considered here. i lm 
controls are  present. If the tailings a t  all 
sites were to dry out, it is estimated thrif 
the risk could rise to about two to nine 
fotal cancers per year. However. not all 
of tlic piles are expected to dry out r a t  
the same time. Approximately one l i o l f  
of these deaths arc estimated to cccur 
within no kilometcrs of the tailings piles. 

There is substantial uncertainty iri 
these estimates because of uncerhir?tics 
in the emission rates of radon from 
tailings sites. in the exposurc pcople will  
receive from its decay products. a i l d  
from incomplete knowledge of the 
effects on people due to these 
exposures. The values presented b r i :  
represent best estimates based on 
current kncrwledge. Examples of f;i!:tors 
leading to possible undi?restim;ition 1.d 
risk include: the use of median rather 
than upper bound risk factors. ignoring 
radon sources a t  a mill site other than 
the tailings pile. and not considering 
piles where owners have indicated 
intent to reclaim their pile but have no1 
done so for long periods. Risks coiild tit! 
overestimated if owners reclaim pilcs 
faster than EPA assumes, if radon 
emissions are smaller due to less 
radium-??A in n pile than is estimatad. or 
i f  the radon emanation ra!e is Inuw 
than EPA estimates it to be. 
Additior,illly. since these estimat::.; m! 
based on current pile sizes and 
population distributions, as nearby 
populations increase or decreaw? in t l x  
future. the estimated impacts woiild 
vory. If specific infornin!ion indiciilcs 
radon emissions rates wcre loww, t h n  
risk estimates could be lower. 
In gcrmal,. much more i R  knowr. ; ih~ i I  

the risks from exposure 10 nidiation 
than exposure to most chcmicnls. Whilr: 
Ihrm is uncertainty in risk cstini;i!w 
from assessments of chemical exiss i rwi  
and riidionuclidc emissions. thcre is 
much less uncertainty in estimates o f  
risk from radioniiclide emissions 
bccausc of the extcnsivc data  base on  
thc effects of huinan expooilre to 
radiiation. Thcrefore, a risk estim;r!c? 
resulting from exposure to radioiluclidcs 
i n  likely to be  more accurate than t!ic 
same estimate for chemical expcsirres. 
C. Iiistory of Standord Devclopvciit 

Power Operation (40 CPH Pnrt 190) 

3. BHsed on models' for the risk t i )  all 
' 

, 

The Agency's standards for Niiclciir 
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issued under the Atomic Energy Act (42 
FR 2858 (January 13.1977)) l imit  llie total 
indivitlual radiation dose caused by 
emissions from fircilities that nirrke up 
tlie urii1>iiifii fuel cycle, including 
1icensi:d uriiniurn mills. llowcver, when 
40 CFR Piirt 100 was proniuly;iled. 
cor1sicli:riiblc uncertainty existed about 
the public hciilth impuct of existing 
levels of radon in the air, a s  well iis 

uiicertainty about the best method for 
niiiniigcm(!nt of new nun-made sources 
of riidon. The EPA exempted radon from 
coverage under 40 CFR Part 190 since 
thc problcnis associated with cniissions 
of this radionuclide were sufficiently 
diffcrcrit from those of other r;idioactive 
niatcriiils associatcd with the fuel cycle 
to wilrriirit sepiirate consideration. 

EPA hirs also issued stund:trds (48 FR 
4 5 ~ 0  (October 7.19n3)) for uranium and 
thoriuin mill t;tilirrgs at commercial 
processing liceiiscd sites under the 
Uranium hlill Tailings Radiation Cuntrul, 
Act of 107M (UMTRCA), which amends 
the Atomic Energy Act (AEA). These 
stantlards for disposal of tuilings require 
stlibilization of tailings on final di~posnl 
si) thiit the associated health haziirdy 
will be controlled and limited for 1000 
yeiirs to the extent reasonably 
iichieviilile, in any case, for at least 200 
years. The standards limit releases of 
radon to the air after disposal, and 
rc:qiiirc mciisures to limit releiiscs of 
radionuclides and other hnzrrrdous 
stibstances to water (40 CFR Part 192, 
Subpaits D and E). In the prcamble to 
these standards, the Agency discusscd 
the relittionship between UMTRCA and 
the Clean Air Act (CAA) arid indicated 
its inteiit tu publish an Advanced Notice 
of Proposed Ruhnaking (ANPR) to 
cunsidcr additional control of radon 
emissions during the operational phase 
i i  f mi 11s. 

Section 128 of the CAA required EPA 
to delcrinine whether or not to regulote 
rdioaclive pollutonts based on an 
assessment of risky to public Iieulth. 
After seeking public comment (44 FR 
21704 (April 11, l979)), EPA listed 
airborne emissions of radionuclides as 
hmirdous air pollutants under section 
113 of thc CAA (44 FR 76738 (Decembur 
27,197L)j). Based on that listing, EPA 
subsequently promulgated standards 
under section 112 for Department of 
Energy (DOE) facilities, Nuclear 
Regulatory Commission (NRC) licensed 
f id i t i e s  and non-DOE Federal facilities, 
elcmental phosphorus plants, ond 
ondergrouiid uranium mines (50 FR 5190 
(February 6,1985 and 50 FR 15386 (April 
'17. 19M5)). 

On October 31,1981, EPA issued its 
ANPH to inform interested parties that 
[lie Agency was considering issuing 

standards under the CAA to limit radon 
emissions from licensed uranium mills 
(49 FR 43916 (October 31,lyM)). 
Subsequently, EI'A entered into a 
stipulution with the Sierra Club to 
proniulgute such standards, or delist 
radionuclides, by Miiy 1,198Li. This 
agreement way entered as a consent 
order by the United Stutes District Court 
for the Northern District of California 
(Civil No. C-84-0656 WflO). 

On February 21,19Mfi, EPA issued 
proposed standards for radon emissions 
from licensed uranium mills and 
announced a public hearing (51 FR 6382 
(February 21,1980)). The hearing was 
held in Denver, Colorado. on March 25, 
1960 (51 FR 8205 (March 10,1966)). A 
transcript of the hearing was pluced in 
the Docket and the comment period was 
extended to April 28.1966. 

Due to the complexity of the proposed 
rule and thc need for an extended 
comment period, EPA and the Sierra 
Club entered into a second stipulation to 
extend the deudline to August 15,1900. 
The district court granted the extension 
on motion of the parties. 
IV. Summery of Proposed Standards 

As noted ecirlier, EPA published a 
proposed rulemaking regarding control 
of radon-222 emissions from ttlilings 
piles at licensed sites on Fcbruory 21, 
1980 (51 FR 6382). Thut notice 
announced that EPA was considering 
vurious work practice stundrirds for 
limiting such cinissionu based on its 
preliminary conclusions thut it is not 
feasible to set an emissions standard, 
and that the nature of the risk involved 
warrants a regtilatory response. 

In its proposd, EPA presented three 
work practices, including improved 
methods for disposal of newly generuted 
tailings, various timing requirements for 
use of these improved methods, and 
interim covers. The imprqved methods 
of disposal of newly generated tailings 
were a large, single pile with immediate 
closure, phased disposul, and 
continuous disposal involving 
dewatering orid covering of tailings. EPA 
also stated it was considering 
alternatives of allowing new tailings to 
be added to existing piles over a range 
of times, including 5 years, 10 years. 15 
years and an undefinite period of time 
into the future. (An exception from the 
latter requirements was proposed where 
existing tailings impoundments were 
lined.) 

Thut proposal also discussed two 
available options for controlling radon- 
222 emissions from existing piles. It 
concluded that earthen covers might be 
placed over dry tuilinge beaches and 
embankments constructed of sand 
tailings. It noted thut dry beuchos 

typically cover GO percent of the total. 
tailings area during the operational 
phase of a mill end that this perceiitiige 
could be significuntly lergcr during 
periods of extended,shuldown. It ulso 
noted that use of existing tailings piles 
could be terminated. While a dry out 
period would ensue during which 
emissions would unavoidably increase 
prior to disposal in accordance with 
Federal standards under UMTRCA. this 
is an unavoidable result of disposal. 
V. Summary of Responses To Comment 

submittals to the docket and testimony 
given at the public hearing. A complete 
discussion of all substantive comments 
and the Agency's response to them 
appears in "Response to Comments- 
Proposed Rule for Radon-222 Emissions 
from Licensed Uriinium Mills Tailings" 
(EPA 500/1-86-011); the document may 
be obtained from the Program 
Management Office (ANR459), Office 
of Radiation Programs, Environnicntul 
Protection Agency, Washington, DC 
20413. A summary of major concerns, 
together with the Agency's responses, 
are presented below. 
Legal and Procedural 

Many commenters stated that there is 
no need for regulation under the CAA 
because existing regulations developed 
under the AEA and the UMTRCA and 
license conditions administered by the 
NRC nnd its agreement States 
adequately protect the public from risk 
due to radon. The Agency estimates the 
individual lifetime risk may be a s  high 
a s  1 in 100. assuming 70 years of 
exposure. The population risk is 
estimated to be 1 to 5 deaths per year 
under current industry and regulatory 
conditions. The Agency believes that 
these risks are significant and that there 
is a need for standards under the CAA 
to protect public health with an omple 
margin of safety. 

A number of commenters addressed 
ground water quality and stated that it 
should not be considered in regulating 
radon under the CAA. The Agency has 
not developed this rule to regulate 
ground water. Ground water protection 
standards are currently in force and 
being Implemented under the UMTRCA 
standards (40 CFR Part 192). However, 
potential effects of various alternatives 
on ground water were considered as 
part of the analysis of the impacts of this 
rule, since EPA has a responsibility to 
consider the impacts that its rules may 
have on the total environment. In part, 
this is done to ensure that regulations do 
not control pollution in one 
environmental medium only to degrade 

The Agency hiis reviewed all 
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ciinccrs committed under this scenerio 
to serve a s  a point of reference and has  
also evaluated a Zo-year standby period 
scenario. Both periods were considered 
when the final rule w a s  selected. 

Several commenters stated that i t  
would take about 6 years to design, 
license and construct a new tailings 
management process. One commenter 
sitid i t  could take more than 10 years, 
and one comnenter  said 5 years w a s  
sufficient. The EPA agrees that, based 
on the comments received from the 
NKC, States, and individual companies, 
a %year period to design, license, end 
construct a new tailings impoundinerit is 
unrealistically short. l 'he Agency judges 
that a period of 6 years is the lime 
needed to design, permit, and  construct 
a new tailings impoundment. Extensions 
to allow more time will be availoblc, i f  
due to circumstances beyond their 
control. mill operators are  unable to 
complete a new impoundment wi!hin 
that period. 

Several commenters stated that more 
accurate site-specific emanation factors 
should be used a s  opposed to using the 
relationship of I pCi/ma-s per pCi Ra- 
2ZG/g tailings. The Agency used a factor 
of I pCi/mZ-s per pCi ~ a - 2 2 ~ / g  of 
tailings for all dry arcils and a factor of 
zero for wet areas. This same factor w a s  
used for the UMTRCA rulemaking and is 
tlic f d o r  used by NRC. Aiialtempt was  
miide to develop a formula, using site 
spcc:il'ic characteristics. that would 
provide a more precise estimate of 
emissions. However, the formula has  not 
ticen verified by the Agency's internal 
review process or by independent 
expcrt3 and data  on the site-specific 
characteristics needed to derive such 
estiinates a re  not available. For these 
rcaso~is,' the Agency decided to continue 
the use of the previously accepted 
factor. 

' h e  NRC stated that recent literature 
iiidicates that a water cover may not be  
as effective in reducing radon eniissi0n.s 
as previously thought. Recent techiiical 
assessments of radon emissions from 
tailings covered with water are  less than 
2 pcrcerit of emissions from dry tailings. 
The Agency believes that assuming no 
emissions from wet tailings as conipured 
to the more accurate 2 percent emission 
rate is a n  insignificant error in the 
context of this rulemaking. The Agency 
ussunled a n  emission rate of zero for all 
tailiiigs covered with water or saturated 
with water in estimating radon 
einissions. 
Ilisk 

A cornnienter stated that a site- 
* specific rule based on a lifetime risk of 

one in a million should be set for each 
niiil to determine the allowable exposed 

surface area. The EPA has not accepted 
the proposition that the standard must 
reduce risk to a predefined value, such 
tis a level of one in a million. The EPA 
believes that it must protect the public 
with a n  ample margin of safety end that 
this requirement provides the Agency 
with flexibility to consider the 
magnitude of the risks, the practicality 
of measures to reduce risks, and other 
relevant factors. This is a judgment 
based on many factors specific to the 
source category under consideration. 

Several commenters stated that radon 
exposure from mill tailings on a regional 
and national level is overshadowed by 
background radon sources. Therefore, 
regional and national risk estimates are  
meaningless. The EPA agrees that radon 
exposures due to mill tailings, a t  
locations distant from mill tailings sites, 
are  small compared to exposures from 
some other large sources. However, it 
does not follow that it is meaningless to 
calculate exposure and risk due to 
emissions from such sites. These 
calculations a re  based on procedures 
generally regarded as sufficiently 
accurate to support the setting of 
regulatory standards. The significance 
of the risk is judged based on the value 
of the individual and population risk, 
end the regulatory options a re  assessed 
based on the degree of risk reduction 
end  the practicality and  reasonableness 
of control measures. 

Many commenters stated that the 
significance of effects of radon from mill 
tailings on total population is negligible 
because there a re  no proven adverse 
health effects. The Agency agrees that 
the adverse health effects due to radon 
emissions from mill tailings piles cannot 
Le directly measured due to the high 
incidence of lung c m c e r  from other 
causes. However, it would be imprudent 
to use this a s  a reason not to regulate 
exposure to carcinogens. The risk 
estimates were derived from relative 
risk coefficients, the use of which w a s  
recornmelitled by the Agency's Science 
Advisory Board ond represent current 
scientific knowledge. I t  is EPA's position 
that, based on current scientific 
evidence, excess lung cancers result 
from radon emitted by tailings piles and  
that the projected nunibers of cancers 
calculated in the support documents a re  
sufficient to support a rulemaking. 
Economic 

Several commenters said that the 
proposed rules will have significant 
adverse effects on industry's ability to 
contain costs and will threaten the 
industry's future. EPA's analysis shows 
that the control measures for new 
tuilings disposal practices required in 
this rulemaking are similar in cost to 

alternative practices already required 
by existing regulations and, therefore, 
the control measures required by this 
rule are  not expected to affect the * 

industry's viability. With respect to 
existing tailings. the major cost of this , 
rule to industry is moving the timetable 
for final cover for existing piles forward 
in time because the sooner new work 
practices are  implemented, the sooner 
industry must undertake the expense of 
reclamation. Additional costs may arise 
in those cases where new capacity for 
tailings disposal will have to be created 
to replace the capacity lost during 
disposal of the existing piles. A s  
indicated in the Economic Analysis for 
this rulemaking, EPA projects that this 
impact will not threaten the viability of 
this industry. The Agency concluded 
that the costs are  reasonable in relation 
to the benefits derived and that this 
action is consistent with previous 
Agency actions. 
VI. Summary and Rationale of Final 
Rule 
A. Summary 

information, EPA has determined that i t  
is not feasible to prescribe a n  emission 
standard for redon emissions from 
uranium mills. Radon is emitted from the 
surfaces of tailings piles in a manner 
analogous to fugitive dust emissions and 
cannot be emitted through a conveyance 
designed and constructed to capture 
such radon emissions. Instead, EPA is 
requiring a n  improved work practice for 
the disposal of newly generated tailings 
and  is specifying a date  by which all 
newly generated tailings must be  
managed by this work practice. 

EPA expects that, when tailings can 
no longer be  placed on a n  existing pile, 
Federal and State regulatory agencies 
will promptly move to require disposal 
of the piles to Federal standards 
established by the EPA and 
implemented by the NRC under the AEA 
as amended by UMTRCA. 

This work practice requires that new 
tailings be disposed of either in 
impoundments that a re  no larger than 40 
acres or by the use of continuous 
disposal in which no more than 10 acres 
of tailings a re  exposed at  any one time. 
All new tailings impoundments must be 
designed and constructed to meet this 
work practice. Using the first alternative 
would require a series of impoundments, 
each constructed with earthen dikes or 
in a excavated pit and each having a 
liner as required by 40 CFR 192. A s  each 
impoundment is filled, it would be  dried 
out and covered with earthen materials 
immediately. This design permits the use 

Based on currently available 
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of a water cover over all tailings during 
operations without risk of contaminating 
ground water. The water cover seals in 
the radon, greatly reducing radon 
emissions to air. Also, a series of 
impoundments significantly reduces the 
amount of unreclaimed tailings at the 
end of a mill's lifetime because only one 
or two impoundments would still require 
closure. By making final reclamation 
easy. the potential for larger areas of dry 
tailings to remain uncovered is avoided, 
and this too, greatly reduces radon 
emissions. 

The second procedure, continuous 
disposal, is similarly effective. If tailings 
are dcwa!ered and immediately buried 
on a continuous basis, radon emissions 
during the operational phase of the mill 
are greatly reduced. At the end of the 
mill's lifetime, only about 10 acres of 
tailings require final reclamation. There 
is. thus, no potential for large areas of 
tailings to remain dry and uncovered as 
a source of radon emissions. A liner is 
used to protect ground water. 

At inill sites where there are existing 
tailings piles, this work practice is to be 
phased in on a reasonable schedule. No 
later than 2 years after the effective date 
of this rule, all owners will either certify 
to the Administrator that they do not 
intend to build a new tailings 
impoundment, or if they wish to build 
new tailings impoundments they must 
apply to the Administrator for approval 
to construct. Within 60 days following 
the Administrator's approval, the owner 
must apply to the NRC for a license to 
construct. Following the granting of a 
license by NRC, construction must begin 
promptly and must be completed in not 
less than 30 months. The entire process 
must be completed by December 31. 
1992. I f  the owner is in compliance with 
this schedule, new tailings can continue 
to be placed on existing piles until the 
new impoundments are ready. Those 
owners not building new impoundments 
may also continue to use their existing 
piles until December 31,1992. 

An exception from the preceding 
schedule allowing for continued use of 
an existing tailings pile will be granted 
upon petition to the Administrator, 
provided the existing pile meets one of 
the following conditions: (1) The existing 
pile is 40 acres or less and is lined or, (2) 
the combined area of all piles at the site 
is less than 20 acres. Each exception will 
last for five years, at which time the 
owner may request a new exception. 

A discretionary extension for all or 
some of the milestones on the preceding 
schedule, allowing for continued use of 
an existing tailings pile, may be granted 
upon application to the Administrator 
for one of the following reasons: (1) The 
owner demonstrates it cannot, due to 

circunistancea beyond its control, 
complete a new impoundment before a 
construction schedule milestone date or 
(2) the owner or operator demonstrates 
that an extension is consistent with the 
CAA. To make such a demonstration. 
the owner must certify that the mill is in 
compliance with applicable FJA 
standards and NRC regulutions and 
license conditions, and makes a 
subniittal showing that the public is 
protected with an ample margin of 
safety taking into account the size and 
condition of the pile, risks to nearby 
individuals and population, length of 
extension requested, risk reduction 
practices in effect. and the expectcd 
level of future mill activity. An 
extension may be granted for a period 
not to exceed 5 years, although the mill 
owner will be able to apply for more 
than one extension. , 

after December 31,2001 and nn new 
tailings may be placed on any existing 
tailings pile after that dntn. 
B. Options Considered 

a variety of options in the light of 
comments received on its proposal. A 
fundamental step in this process was 
recognizing that the opportunities for 
regulatory response to the risks involved 
were different for existing tailings and 
for new tailings. BPA'a onalygis of 
regulatory options proccoded on tho 
basis of this recognition. 

With respect to tailings that would be 
generated in the future, EPA recognizes 
that improved work practices were 
available that could limit the period 
during which tailings were exposed 
prior to disposal. Limiting this exposure 
would correspondingly limit risk to 
health. The work practices that EPA 
examined reduced this cxposnre in two 
ways: first, by placing the tailings on 
sites smaller than is now the practice: 
second, by placing cover on :he tailings 
continuously or at intervals. EPA 
analyzed options for new tailings that 
varied both as a function of size and a s  
a function of time. 

With respect to tailings that already 
existed, EPA's ability to identify work 
practice improvements that would limit 
emissions was more limited. The most 
direct means for reducing exposures, i.e., 
a permanent thick earth cover or water 
cover, could conflict with continuad use 
of the pile or exacerbate ground water 
problems. Measures involving interim or 
partial use of earth or water covers were 
also evaluated. These options are 
described elsewhere in this notice. 
Indirect means of reducing exposures 
were also explored. These basically 
involve limiting the use of the existing 

No exception or extension is effective 

In developing this rule, EPA reviewed 

pile for deposition of new tailings by 
limiting the period during which new 
tailings could be placed on the piles. On 
analysis, EPA concluded that volunin 
restrictions would prove difficult to 
administer and that a more feasible 
approach would be to limit the future 
use of existing piles. In the end, EPA 
decided that risk reductions should be 
reconciled with continuity of mill 
operutions by phasing in the transition 
to new disposal methods. The best 
currently available information 
indicates that it will require about six 
years for a source to phase In new 
capacity. The specific options 
considered are discussed below. 
Interim Cover for Existing Piles 

The Agency's proposed rule contained 
an  alternative work practice for existing 
tailings pilea consisting of interim earth 
covers placed on the sides and tops of 
dry tailings piles. An interim cover on 
dry tailings acts to reduce emissions of 
radon. In a wet pile, water acts to 
prevent radon emissions so that interim 
covers are not needed for the wet 
surfaces. Upon reexamination of the 
interim cover alternatives and after 
consideration of the comments reccivcd 
on thrit issue, the Agency has 
determined that such covers are not an 
appropriate work practice to be rcquircd 
under this generally applicable rule. 

FJA's model of the interim cover 
alternative used in the analysis of the 
proposed rule was overly simplistic. 
Sources of error included the following 
factors: 
1. The model did not consider tailings 

piles that go on and off standby 
repeatedly. In these situations. the 
interim cover is buried under new 
tailinga followed by application of a 
new interim cover. 

2. The model assumed the dry areas of 
the pile are covered immediately and 
that the pile remained on standby for an 
extended period of time. This is unlikely, 
because regulatory agencies would 
require the operator to reclnim sooncr 
than 40 years. 

3. Maintenance costs for interim 
covers were ignored. 

4. Covering high, sleep slopes with 1 
meter of earth is a difficult engineering 
feat and may be more expensive and 
impractical than the model assumed it to 
be, and in practice may endanger 
workers. 

5. Slimes may underlie tailings 
considered to be dry, making such 
tailings uncoverable because heavy 
equipment necessary to apply the cover 
would sink into the pile. If dry tailings 
cannot be covered, this would reduce 
benefits. 
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The Final Background lnforniation 
Document and Economic Assessment 
contains a revised model that attempts 
to uccount for these factors. The Agency 
iiow believes that inlerim cover is 
inappropriate as a generally applicable 
work practice. 

't'tie appropriateness of interim cover 
can only be evaluated on a site-by-site 
basis. Though its use in some cases 
would be practicable and could lead to 
significant risk reduction, in others it 
rvodd have dubious risk reduction 
benefits. costs that appear unwarranted 
in relation to those benefits, and would 
prcsent hazards to the safety of workers. 
Moreover. enforcement of a requirement 
fur interim covers would be difficult and 
controversial because it would not be 
ubvious which parts of the pile are dry 
enough to cover and whether future 
opcrational plans are firm enough so 
that i t  is reasonable to delay application 
of an interim cover. 

l h e  Agency believes that in 
establishing gerlerally applicable 
stantlards i t  should seek permanent 
solutions rather than temporary ones. 
Interim earth covers are temporary 
because they are often covered by new 
tailings when the mill retune to 
operition. The new tailings on top of the 
intei im cover release radon, removing 
the beneficial effect of the cover. The 
value of the interim earth cover is also 
lost when the final cover required by 
Fcderal Regulations is put in place. Final 
reclamation normally requires piles with 
steep sand dams to be recontoured to a 
more stable shape. Any interim cover 
would be lost due to mixing with the 
tiilings during the recontouring. A better 
use for the limited resources available to 
thc producers of uranium would be final 
disposal consistent with federal 
standards. 

The State of New Mexico expressed 
concern about severe additional 
environmental impacts due to the 
disruption of many additional acres of 
Idnd to obtain cover material. The NRC 
raised serious safety concerns for 
interim covers. The NRC stated that 
interim covers on dams would interfere 
with important safety practices, such as 
movement monitors for tailings dams. 
They also stated that covering of certain 
drain portions of the dams could 
seriously reduce their stability. 

In summary. the Agency concluded 
that requiring operators of existing 
tailings piles to immediately add and 
maintain interim earth covers on all dry 
surfilces is not an appropriate generally 
applicable work practice. 
Phased Disposal 

The Agency is selecting phased 
disporrul for new tailings impoundrnents 

a s  one of two alternative work practices 
required by the final rule because it 
reduces health risks due to radon from 
tailings, providing public health 
protection with an ample margin of 
safety during the operating lifetime of a 
urunium mill tailings impoundment. In 
this disposal scheme, a series of tlmull 
impoundments is constructed over the 
lifetime of a mill. Each small 
impoundment would be constructed 
with earthen dikes or in an excavated 
pit and, under existing Federal 
regulations. must be lined to prevent 
ground water contamination. After each 
impoundment fills. it will be dried out 
ond covered with ekrth as soon as 
practical. Disposal costs will be spread 
over the operating life of the mill. The 
design permits the use of a water cover 
over most of the tailings, with only a 
small risk of contaminating ground 
water. 

An important benefit of phased 
disposal is that it eliminates the 
difficulties and expense of reclaiming 
large tuilings piles at  the end of the 
impoundment life. By limiting the size of 
the piles, very large areas of tailings are 
prevented from becoming expotled to 
uir, drying out, and emitting radon 
during extended standby periods. At the 
end of the mill's lifetime, only one or 
two impoundments will still require 
reclamation. 

These characteristics of phased 
disposal combine to reduce radon 
emissions. The liiier under tho tailings 
pile helps maintain wetness of the 
tailings by preventing water from 
leaching into the ground. This not only 
protects ground water, but also greatly 
reduces radon emissions by keeping the 
tailings wet. Experience with phased 
disposal shows that the tailings often 
stay so wet that water must be pumped 
out of the impoundments. 

Since control of rudon emissions is 
achieved by keeping the tailings 
saturated or covered with water, it is 
important that impoundment liners have 
water retention capability. In most cases 
eligible for this exception, impermeable 
synthetic liners will be required. 
However, UMTHCA standards (40 CFR 
Purt 192) allow an exception from the 
synthetic liner requirement if it is 
demonstraled that ground water 
contamination will not occur. 

The size of the pile also helps reduce 
emissions. It does so by reducing the 
time for the dry out and standby periods 
that precede final closure, when radon 
emissions ure at their highest. Since the 
piles are smaller, they dry sooner, and 
the exposed surface area is reduced. 
Closure is relatively easy and 
inexpensive, reducing the incontive for 
the owner to delay disposal. To further 

reduce the time before closure, this rule 
allows a company to operate a 
niaxinium of two tailings impoundments 
at once. Companies can legitimately 
need two operating piles to work mod 
efficiently (especially when one pile is 
almost full), but by limiting an owner to 
only two operating piles, an owner must 
close its first pile before it opens its 
third pile (or close its second before it 
opens the fourth, etc.). This incentive 
will work to reduce standby periods. 

Phased disposal. therefore, is a 
tailings management system in which 
tailings are kept wet until they are dried 
and disposed. Radon emissions are 
reduced while the pile is in US.? and 
while the pile is on standby. This results 
in a large reduction of the total 
emissions from mill tailings pile and, 
therefore, protects public health with an 
ample margin of safety. 

Constructing, filling. and reclaiming 
tailings impoundments in series costs 
less than using a single. large 
impoundment when a reasonable (5%) 
discount rate is used. This lower cost 
reflects the lower initial capital 
expenditures for phased disposal. 
Further cost savings may be realized in 
phased disposal by using excavated 
earth from future impoundments to 
reclaim filled, dry impoundments. 

Phased disposal is the best available 
demonstrated technology for uranium 
mill tailings management. The two mills 
most recently licensed by the Nuclear 
Regulatory Commission use phased 
disposal designs. 

limit for each phased disposal 
impoundment in the proposal (51 FR 
6382). One commenter found a 20-acre 
limit acceptable but stressed the need 
for economic assessment of size limits. 
Several commenters argued that the 
Agency should allow flexibility for site- 
specific considerations and should not 
dictate a specific limitation. The Agency 
evaluated both 20- and 40-acre phased 
disposal options. It found that the 40- 
acre impoundment provides about the 
same health protection as the 20-acre 
impoundment, but at a slightly lower 
cost. The Agency concludes that a 40- 
acre size limit for phased disposal 
protects health with an ample margin of 
safety, as required by section 112. The 
ao-acre impoundment is the maximum 
size allowed under the rule; an operator 
can choose to build a sma1le.r one. 

The @acre phased disposal work 
practice provides considerable 
flexibility for construction and operation 
of tailings impoundments. although all 
existing rules (including 10 CFR Part 40 
and 40 CFR Port 192) must still be 
followed. For example, under this work 

The Agency also considered a 20-acre 
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practice. impoundments can be 
constructed in hollows by building a 
diim across the hollow and storing the 
tailings on the upstream side. The 
standard only limits the total area of 
any impoundment usrd for storage of 
uranium mill tailings; other site-specific 
design considerations are not affected. 

tailings impoundments under existing 
r u h  (40 CFR Part 192). The tradeoffs 
between potential problems and the 
arlwntages of liners were considered in 
thiit previous rillemaking (48 FR 45926). 

Continuous Disposal 
The Agency selected continuous 

disposal as an alternative work practice 
under the final rule because i t  reduces 
health risks from radon from tailings to 
the silme extent as phased disposal and 
provides quick reclamation of the site. 
This disposal method calls for tailings to 
be dewatered as they are generated. 
placed in pits or on pads, and covered 
with about 3 meters of earthen materials 
on a continuous basis. Dispose1 pits or 
pads would be constructed with 
impermeable liners. This method would 
rely on a thick earth cover to reduce 
radon emissions rather than on water a s  
in the phased method disposal. During 
operation, no more than 10 acres of 
tailings could be uncovered at any given 
tinie. To assure that the water remaining 
in the tailings after dewatering (which is 
never completely effective) and rain 
water does not seep through the tailings 
and contaminate ground water, a 
continuous disposal impoundment is 
lined in accordance with 40 CFR 192.32. 
The potential for ground water 
contamination is negligible. 

A second important benefit of 
continuous disposal is that it would 
eliminiite the difficulties of reclaiming 
large tailings piles at the end of the 
impoundment life. By requiring disposal 
of tdilings as they are generated, very 
large areas of tailings are prevented 
from being exposed to air, drying out, 
and emitting radon during extended 
standby periods. 

The technology of continuous disposal 
has not been demonstrated for uranium 
mill tailings in the United States. 
Howcver. the industry has proposed this 
method for use at three sites. The 
decline in uranium demand is one of the 
major reasons why none of these 
proposals was put into practice. Tailings 
dewatering systems have been used 
successfully at nonferrous ore 
bcneficiation mills. The Agency believes 
that these proposale and experiences 
drmonstrate that continuous disposal 
can be a viable work practice. 

designs that can take advantage of site- 

Liners are required at all new uranium 

Flexibility is provided to allow 

specific characteristics. For example, 
there is no requirement that tailings be 
disposed of below surface level and no 
restrictions that limit the use of 
topographical features of a site a s  
lailings dams. However, all existing 
regulations still apply. 

Although the industry commented that 
continuoiis disposal is not practical, this 
io not a persuasive argument, since at 
lenst three companies have chosen this 
method as their preferred disposal 
method in detailed site design plans and 
applications. Also, 8 s  noted above, 
dewatering tailings has been performed 
in other extraction industries. The 
Agency decided to allow the industry to 
select either cuntinuous or phased 
disposal becaiisr! both methods provide 
similar levels of radon reduction and 
either method could be preferable to the 
other. depending on the specific 
physical. environmental, or economic 
conditions that exist at the site. 
C. Existing Piles 

The regulation of uranium mill tailings 
disposal piles requires different 
approaches to new and existing tailings 
impoundments. From the standpoint of 
risk reduction, new impoundments can 
readily be designed and operated in 
order to achieve substantial reduction of 
risk at  a reasonable cost. EPA, thus, has 
adopted standards that have the effect 
of limiting the total exposed surface 
area during the active phase of an 
impoundment's existence. Existing 
impoundments present more difficult 
regulatory problems. They were 
constructed over a thirty year period, 
range in size from a few acres to several 
hundred acres, and are located in 
different areas with different 
topography, soil characteristics, tailings 
characteristics, and othcr factors 
affccting health risks. Consequently, 
they are not susceptible to a single 
regulatory scheme of the sort adopted 
here for new impoundments. In addition, 
the NRC and their agreement States 
regulate practices at these sites on a 
site-by-site basis. For example, the NRC 
has stated in comments that it typically 
requires interim cover for the purpose of 
dust control on appropriate portions of 
existing piles. 

EPA investigated work practices that 
might be imposed generally upon 
existing tailings piles that would reduce 
risks until they are closed and replaced 
with new piles. As discussed previously, 
the Agency found that the two principal 
options, wetting and interim cover, 
made no sense to impose as across-the- 
board requirements. While interim cover 
has theoretical applicability, its risk 
reduction is not great in many 
situations. and costs are 

disproportionate to that limited 
reduction of risk. Wetting, particularly 
in unlined impoundments in arid areas 
of the Southwest. yields some risk, 
reduction but again at a 
disproportionate cost. Moreover. wetting 
at unlined impoundments can lead to 
ground water contamination, 
exacerbating a problem that several 
operators are now trying to remedy. 

EPA bclieves that the reasonable 
course to deal with these impoundments 
is to adopt requirements that will 
encourage their closure. in the long term. 
in accordnnce with requirements set by 
EPA and the NRC. At the same t h e .  
thcsc requirements must be ternyrcd 
with flexibility for the particular 
circumstances of individual 
impoundments. It ia reasonable to do 
this in light of the wide disparity in risk 
from different existing impoundments, 
and the small number o l  those 
impoundments. 

requires the cessation of disposal of 
tailings at existing impoundments six 
years after promulgation of these 
regulations. The requirement for 
cessation of disposal will remove any 
obstacle for the NRC or an agreement 
state to require, after an appropriate dry 
out period, final closure of the 
impoundment, since it can no longer be 
used for disposal of newly generated 
tailings. In EPA's view, the risk that will 
result from this phase in period of 
continued disposal at existing 
impoundments is consistent with the 
protection of public health with an 
ample margin of safety. 
Exception for Existing Lined 
Impoundments 

The Agency has determined that 
certain existing tailings management 
impoundments presently meet the 
requirements of the new work practice 
standards. Therefore, the Agency is 
providing an exception from the 
schedule requirements, which are 
specified below, for impoundment 
designs that are no larger than 40 acres 
and have a liner meeting the 
specifications of 40 CFR 192.32. This 
requirement assures that the 
impoundment has the capability to 
retain water, thereby keeping tailings 
wet and greatly reducing radon 
emissions. 
Exception for Small Tailings Piles 

The Agency. in its examination of the 
uranium milling industry, has discovered 
that each mill is unique and that not all 
mills present a significant health risk to 
the public. The Agency found that one of 
the most important mill characteristics 

Accordingly, the final rule generally 



, 

34Oii4 Federal Register / Vol. 51, No. 185 / W e d n e s d a y ,  S e p t e m b e r  24, 1906 / Rules and Regulat ions 

that affcct risk is the size of the niill 
tailings gi lu .  The Agcncy ulso fuund that 
illills having combined pile arcus 
smallcr than 20 ucres have very small 
radon emissions. The Agcncy b d '  ' 1eves 
that such a mill does not threaten public 
hoalth. Therefore. tlie Agency has  
decicled to except thenr froni the 6-year 
sc:ht:dule. Such irn exception is 
consistent with protcction of public 
health with a n  ample margin of safety. 
U. Sclredult. for Stondurds 
1111plcmcn to tion 

t.iilings gcmarated at  existing mill sites 
after December 31,1992, be managed by 
oiie of the work practices specified in 
the final rule. By phasing out existing 
tailings piles and requiring new tuilings 
8t:ncratcd at  existing niill sites to be 
placed in impoundments subject to thc 
mew work practice, risks to individuals 
ond populations a re  reduced and the 
public is protected with on ample 
niargin of sofety. The Agency is 
assuming that, whcn tailings can no 
longer be placed on existing piles, 
Federal and State  regulatory agoncies 
will promptly move to require 
rcclamation of the piles to Federal 
standdrds established under the AEA 
through UMTIICA. 

has provided for only a &year 
compliance waiver. However, i t  is 
impossible to design, license, and  build 
a new tailings impoundment in that 
short period of time. The operutors of 
existing mills are  given the time 
rreccssary to install new impoundments. 
To assure that new tailings 
impoundments a re  built and used a s  
soon as practical, the Agency has  
cstirblished a strict schedule with 
milestones for meetiiig regulatory 
rcquirenients and construction of the 
fdcility. Industry is provided with 
sufiicient time to prepare new 
impoundments while, simultaneously, 
there is a strict timetable that must be 
riiel. 'This timetable is designed to be 
flcxible to assure that if time is saved in 
one part of tlie process the 
impoundment will be ready sooner. The 
nile alvo provides a n  extension 
mechanism to give operators a chance to 
hdve more time if, due to circumstances 
h y o n d  their control, they are  unable to 
meet the schedule. 

l'he Agcncy has  examined the effect 
from the continued use of existing piles 
during the 6 years required for the 
Construction of new tailings 
inipoundmeiits. In performing the 
analysis of the effect of allowing all 
mills to operate for 8 years, relevant 
d o n  eniissions come only from some 
of the mills. Since EPA's original 

l'he Agency is requiring that all 

The Agency is aware that section 112 

antilysis, 3 of the 20 niills have stated un 
intent to go to closure and, therefore. are  
not effected by this standard. 'The 
resulting risk from radoii emissions in 
allowing all othcr mills to operate for 6 
years is not significant. The use of these 
mille for this short time period 
represents a marginal risk that does not 
justify the economic waste  of requiring e 
niill owner to build a n  impoundnient 
that the owner h a s  no intention of using. 
Because of these low risks, operators of 
existing piles who want to continue to 
use their existing piles niay d o  so for the 
&year period. 

Any owner or operator of a licensed 
uranium niill who wishes to continue to 
use existing tailings impoui-dmenb must 
submit a n  application to the 
Administrator for approval to construct 
a new impoundment or ccrtify that they 
d o  not intend to build a new 
impoundment. This should be done as 
soon as possible, but no later than 2 
years after the effective dote of this rule. 
This period is necessary to provide the 
time needed for owiiers to decide 
whether or not to build a new 
impoundinent and, if they decide to 
build a new impoundment, it also 
provides the time needed for the 
purchase of il site, for the collection of 
site data  and for the design and  
preparation of licensing material for 
EPA and NRC. Owners  not building new 
impoundments may continue to use their 
existing piles until December 31,1992. 

The Agency anticipates a n  internal 
review and decision puriod following 
submittal of a complete application. 
After the Agency's approval to 
construct, the owner or operator must 
apply to the NRC within 60 ddys for a 
license to construct o new tailings 
impoundment under 10 CFR 40. The 
Agency anticipates that NKC will act  
promptly on the application. Following 
the receipt of a license frpm the NRC, 
the owner or operator n u s t  then start 
construction of a n  impoundment within 
90 days, weather pcrniitting, and  must 
complete construction within 30 months. 

The Agency proposed alternative 
schedules of immediate, 10 years, 15 
years. and no time limit for mandatory 
use of work practice standards. 
Comments from the NRC ond the 
industry agreed that new impoundmente 
probtibly could be built in 6 years. 
Although one industry commenter 
estimated that it would take more than 
10 years to fiiiish new impoundments, in 
general, tlie record did not support a 10- 
year option. 
E. Schedule Extension 

The Agency recognizes that strict 
adherence to the schedule may not 
elways be possible or rcasoneble. The 

Agency may grant un extension for any 
schodule milestone for certain reasons. 

The first reason for the extension is  
practicality. The Agency is allowing mill 
owners 6 years to build new 
impoundments, because it is the 
Agency's estimate. supported by the 
record, that 6 ycurs is normally tl 
Sufficient time to design, license and 
build a new uranium mill tailings 
impoundment. But the Agency 
recognizes that, due to circumstances 
beyond the mill owner's control, 
situations con arise that delay 
completion. In these situations. the mill 
owner can opply for a schedule 
extension to provide him with sufficient 
time to complete the new impoundment. 

extension may be required. For exoniple, 
as previously noted, each mill is unique 
and individual mills may present small 
risks to public health. To take care of 
any of these situations, the Agency may 
grant a n  extension, provided that the 
mill owner can demonstrate that the 
extension. under conditions existing at 
the time of the request, i s  consistent 
with protection of public health with a n  
ample margin of safety a s  specified in 
8 61.252(e). This extension may be  
granted for any schedule milestone. For 
example, the Agency expects that 
extensions would be  granted for mills 
with moderutely sized piles and that 
have no people living nearby. Such mills 
present small risks to maximally 
exposed individuals and small risks to 
regional and national populations. The 
Agency may grant a n  extension, 
conditionally if required, only upon 
finding thot this extension protects 
public health with a n  ample margin of 
safety. 

extensions based on a n  examination of 
factors relating to the overall remaining 
health risk, including the size, condition, 
and location of the pile, the length of 
extension requested, the expected level 
of future activity, and any risk reduction 
practices the mill owner has  undertaken 
or pledges to undertake. 
VII. Implementation of the Final Rule 

impoundments constructed after the 
promulgation date  of this rule must 
apply to the Administrator of EPA for 
approval to construct a new 
impoundment pursuant to section 61.07 
of the Clean Air Act. 

Operators of existing tailings 
impoundment should follow the 
implementation plan detailed in 0 61.252 
(b] or (c]. If the Administrator finds, on 
the basis of any available information 
that there is a violation of any 

There are  other reasons why a n  

The Agency may grant these 

Operators of new tailings 
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requirement of a n  applicable 
implementation plan, the Administrator 
will enforce with remedies described in 
section 113 of the Act. 

Operators of existing tailings piles 
who wish an exception listed in 
5 61.252(d) from.the schedules listed in 
3 61.252 (b] or (c] in order to continue to 
use a pile should write to the 
Administrator. providing the reason why 
the exception is warranted. The 
Administrator will grant, grant with 
conditions, or deny the exception. I f  
granted, the owner must reapply to EPA 
(:very 5 years that it still meets the 
criteria for exception. If a t  anytime 
neither of the exceptions criteria apply, 
the owner must notify the Agency and 
immediately cease use of the pile. 

Operators of existing tailings piles 
who wish extensions from the schedule 
milestones listed in 9 61.252 (b) or (c) in 
order to continue to use a n  existing 
tailings pile should write to the 
Administrator providing the reasons 
why an extension should be granted, 
taking care to provide the information 
requested in Q 61.252Le). This must be  
done at  least 1 year before the milestone 
diite for which the extension is 
rrquested. The Administrator will grant, 
grant with conditions, or dsny the 
extension within 9 months. Although 
multiple extensions may be granted. 
each extension will last no more than 5 
years. 

All requests should be sent to the 
Assistant Administrator for Air and 
Radiation (ANR-443). U.S. 
Environmental Protection Agency, 401 M 
Street. Washington, DC 20460. 

No exception or extension will be 
effective after December 31, 2001. This 
deadline allows owners of existing 
tailings impoundments a chance to use 
those impoundments in those cases 
where to do so would not endanger 
public health, while assuring that the 
system of exceptions and extensions 
will not be subject to any  potential 
abuse by mill owners. In this way, the 
rule will cause even greater reduction in 
radon emissions a s  phased or 
conlinuous disposal methods are 
implemented. 

Nothing in this rule is intended to 
affect the existing regulatory authority 
of the NRC. EPA hopes that it will b r  
able to reach a n  agreement with NRC to 
~ l l o w  NRC to take a n  important role in 
the implementation and enforcement of 
this  rule. This would allow EPA to take 
full  advantage of NRC's expertise in this 
field and help minimize the duplication 
of effort and conserve administrative 
rpsotirces in accord with Q 122 of the 
Clean Air Act. 

VIII. Miscellaneoiis 
A. Docket 

complete file of all information 
considered by EPA in the development 
of this proposed standard. The docket 
allows interested persons to identify 
and locate documents so they can 
participate effectively in the rulemaking 
process. It also serves as the record for 
judicial review. 

statements. the Agency's response to 
comments, and other relevant 
documents are placed in the docket and 
are  mai lable  for inspection and copying 
during normal working hours. 
B. Executive Order 122.91 

February 17,1981. EPA must judge 
whether a nib is a "major rule" and, 
therefore, suhject to the requirement of a 
Regulatory Impact Analysis. The EPA 
has determined that this rule is not n 
major rulc as defincd in section I(b] of 
the Executive Order because the annual 
effect of tho rule on the economy will be  
lcss than $100 million per year. Also, it 
will not causc a major increase in costs 
or prices for any geographic region. 
Further, i t  will not rcsult in any 
significnnt adverse effects on 
competition, employment, investment, 
productivity, innovation, or the ability of 
the United States enterprises to compete 
with foreign enterprises in domestic or 
foreign markets. Under Executive Order 
12291. this rule w a s  sulmitted to the 
Office of Management and Budget 
(OMB) for review. Any comments from 
OMB to EPA and any  response to those 
comments are  included in the docket. 
C. Paperwork Reduction Act 

The final rule does not impose any 
reporting or recordkeeping requirements 
on operators of uranium mills and 
associated tailings piles. 
D. Regulatory Flexibility Analysis 

Section 603 of the Regulatory 
Flexibility Act, 5 U.S.C. 603, requires 
EPA to prepare and make available for 
comment a n  "initial regulatory 
flexibility analysis" in connection with 
any  rulemaking for which there is a 
statutory requirement that a general 
notice of proposed rulemaking he 
published. 

However. section 604(b) of the 
Regulatory Flexibility Act provides that 
section 803 "shtill not apply to any  
proposed . . . rule if the head of the 
Agency certifies that the rule will not, if 
promulgated have a significant 
economic impact on a substantial 
number of small entities." 

The docket is a n  organized and  , 

Transcripts of the hearings, all written 
. 

Under Executive Order 12291, issued 

The EPA believes this final rule will 
have little or no impact on smell 
business because the total costs 
associated with the standards will have 
relatively little impact on the total cost. 
of producing uranium oxide. 

For the preceding reasons, I certify 
that this rule will not have a Significant' 
economic impact on a substantial 
number of small entities. 
E. General Pro vis ions 

61. Subpart A apply to all sources 
rrgulated by this rule, except a s  
otherwise noted. 
F. State Implementation and 
Enforcement of Emission Standads 

Under section I lz(d)( l ]  of the CAA. 
any State may develop and submit to 
the Administrator a procedure for 
implementing and enforcing ernisZion 
standards for hazardous air pol1;ltnnts 
for stationary sources located in such 
State. If the Administrator finds a 
State's procedure for implementing the 
standard is adequate, the Federal 
authority then is delegated to the S t~ te .  
T o  streamline this procedure. some of 
EPA's Regionnl offices have entered into 
agreements with certain States for 
"automatic" delegation of new section 
112 standards. Under this arrangement, 
States are  delegated authority to 
implement and enforce all new section 
112 standwds when they are  issued. 

"automatic" delegation shall not l e  
made for the radionuclide NESHAPs. 
When EPA entered into these 
agreements, the State's capabilities and 
expertise with respect to radionuclides 
were not considered. Therefore, States 
must reapply for delegation in the cnse 
of radionuclide NESiiAPs. 

G. Relationship to Otlrer Prngrams 

It is important to note that EPA has  
authority to regulate mining wastes 
under the Resource Conservation and 
Recovery Act (RCRA), as well as the 
CAA and UMTRCA. Since the 
considerations under each statute may 
vary, the regulatory program for 
uranium mill tailings under the CAA and 
UMTRCA might well differ from the 
program EPA intends to develop for 
mining waste under RCRA. The RCRA 
program will be  tailored to the risks 
associated with mining wastes and the 
technical feasibility of various control 
options (see 51 FR 24490 July 3,1986). 
H Communications 

Administrator regarding the reporting 
and recordkeeplng requirements of this 

The general provisions of 40 CFR Part 

The Agency has decided that 

Communications with the 
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rule, as well as requests fur waivers, 
sh;ill follow the provisions of Part til.10, 
except a s  otlicrwise noted in this rule. 

This rule is effective immediately for 
new sourccs and existing fiacilitics. 
Those facilities that are not in 
compliance with the find rule based on 
information currently available to them, 
may request a conipliance waiver from 
the Administrator under the provisions 
of section 112(c)(1). 

List of Subjects in 40 CFH Part 61 

Air pollution control, Hazardous 
niaterials, Asbestos, Beryllium, Mercury. 
Vinyl chloride, Benzene, Arsenic, and 
Hidionuclides. 

Uuti!d: August 15. 1YJJti. 

Leu M. Thomas, 

PART Cl-[AMENDEDI 

Part 61 of Chapter 1 of Title 40 of the 
Cude of Federalkegdotions is umended - 
r l S  follows: 

c:oiitinucs to rend ad follows: 

AcI, as anronded 142 U.S.C. 7412 (all. 

I .  The authority citation for Part 01 

Authority: Sece. 112 dnd 301(u) C1i:un Air 

2. Uy adding a new Subpiirt W to reid 
i l Y  Cllllows: 
Subpart W-National Emisslon Standard for 
Radon-222 Emissions From Licensed 
Uranium Mill Tailings 
St!C. 

61.150 Applicability. 
G1.251 Dcfinitions. 
61.252 Standard. 

Subpart W-National Emission 
Standard for Radon-222 Emissions 
From Ucensed Uranlum Mill Taillngs 
g 61.250 Appikabiilty. 

This subpart applies to licensed sites 
that nionuge uranium byproduct 
inatcriulr, during and following the 
proccasing of uranium ores, comnionly 
referred to as uranium mills and their 
ussocidted tailings. This subpart applies 
during the period of operution. 

$61.251 Deflnitione. 

defined here shall have the meaning 
givcii them in the Clean Air Act or 
Subpart A of Part 61. The following 
ternis shall have the following specific 
meanings: 

(.I) "&ea" means the urea covercd by 
die vertical projection of the pile upon 
the earth's surface. 

( I ) )  "commission" means thc Nuclear 
Hugulatory Conimission or its 
Agreement States (where applicable). 

IC) "Continuous dieposal" means u 
niethod of tailings management end 
disposal in which tailings are dewatered 

As used in this dubpart, a11 ternis not 

by mechanical methods immediately 
after generation. The dried tailings are 
then placed in trcnches or other disposal 
areas and immediately covered to 
Federal standards. 

earth sufficient to meet Federal 
standards for the manugement of 
uranium byproduct materials pursuant 
to 40 CFR 192.32. 

(e] "Dewatered' means to remove the 
water from recently produced tailings by 
mechanical or evaporative methods 
such that the water content of the 
tailings does not exceed 30 percent by 
weight. 

(fJ "Existing tailings pile" means a 
tailings pile that is in operation on the 
effective date of this rule. 

(g) "Licensed site" means the area 
contained within the boundury of a 
location under the control of persons 
generating or storing uranium byproduct 
materials under a license issued by the 
Commission. This includas such areas 
licensed by Agreement States, i.e., those 
States which have entered into an  
effective agreement under Section 274(b) 
of the Atomic Energy Act of 1954, as 
amended. 

(h) "New tailings" means uranium 
tailings produced after the effective date 
of this rule. 

(i) "New tuilingr, impoundment'' 
means any location or structure at  
which uranium mill tailings are 
temporarily or perniaiiently stored and 
which is placed in operation after the 
promulgation of this rule. 

(j) "Operation" nieans that an 
impoundment is being used for the 
continued placement of new tailings or 
is in standby. An impoundment is in 
operation from the day that tailings are 
first placed in the impou!idment until the 
day that final closure begins. 

(k) "Owner" means any person who 
owns or operates a uranium mill or an  
existing tailings pile or 8 new 
impoundnieii t. 

(I) "Phased disposal" m a n s  a method 
of tailings mtinagcment and disposal 
which uses liiied impoundments meeting 
the requirements of 40 CFR Part 192.32, 
no greater than 40 acres in aren, which 
immediately filled, upon becoming dried, 
und covered to Federal standards. 

(ni) "Uranium byproduct niuterial" or 
"tailings" iiieans the wastes produced 
by the extruction or concentration of 
uraniuiii froin any ore processed 
primurily for its source material content. 
Ore bodies depleted by uranium 
solution extractions and which remain 
underground do not constitute 
byproduct niatcrial for the purpoecs of 
this subpart. 

(d) "Covered" niems to cover with 

8 61.252 Standard. 
(a) All new tailings impoundments 

built after the effective date of this rule 
shall be designed and constructed to 
mcct one of the two following work 
practice standards and in the following 
manner: 

(I) Phased disposal in lined tailings 
impoundments that are no more than 40 
acres in area and meet the requirements 
of 40 CFR 192.33(a). The owner shall 
have no more than two impoundments 
in operation at any one site at any one 
time. 

(2) Continuous disposal of tailings 
such that the tailings are dewatered and 
immediately disposed with no more than 
10 acres of tailings being uncovered at 
any time and operated in accordance 
with 40 CFR 192.32(a). 

(b) Owners who build new tailings 
impoundments may continue to plclce 
new tailings or waste water associated 
with milling or mining activities on 
existing tailings piles only until new 
tailings impoundments are constructed. 
and only if the owner is in the process of 
designing, licensing, and constructing 
new tailings impoundments in 
accordance with the following schedule: 

(11 As soon a s  practical, but no later 
than 2 years after the effective date of 
this rule, all owners who wish to build 
new tailings impoundments shall apply 
to the Administrator for approval to 
construct under section 61.07. The 
Administrator shall make a 
determination to grant or deny any 
application for approval in accordance 
with section 61.08, except that the time 
limitations of subsections (e) and (d) 
shall not apply. 

(2) Within 60 days following the 
Administrator's approval to construct u 
new tuiliiige impoundment, the owner 
shall apply to the Commission for a 
license to construct a new tailings 
impoundment. 

by the Comnlission, the owner shall 
begin construction of the new tailings 
impoundment within 90 days unless 
seasonal conditions do not permit, in 
which case coiistruction shall begin dt 
the start of the next construction season. 
This impoundment shall be completed 
and shall be ready to receive new 
tailings within 30 months of the date of 
licensing by the Commission. 

(4) In no event shall new tailings be 
placed on existing tailings piles after 
December 31,1992, unless the owner has 
received an exception or extension from 
the Administrator in accordance with 
paragraphs (d) or (e) of this section. 

(c) Owners who do not intend to build 
a nuw tailings impoundment must certify 
to the Administrator a8 soon a8 

, 

, 

(3) Following the granting of a license 
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possible. but no later than 2 years 
following the effective date of this rule. 
that they d o  not intend to build a new 
impoundment a t  the mill site. Owncrs 
who make this certification will be able 
to use their existing tailings piles for the 
deposition of new tailings or waste 
witter associated with milling and 
mining aclivitics until December 31. 
1992. unless they receive cin excrption or 
extension from the Administrator in 
accordance with paragraph (d) or [ e )  of 
this scction. in which case the owner 
may continue to use the existing tailings 
piles as permitted by the terms of the 
exception or extension. 

((1) An exception for continued use of 
a n  existing tailings pile shall be granted 
lipon application for appro\wl to the 
Administrator provided thnt: 

(11 The existing tailings pile i s  40 
acres or smaller in a r m  and mrcts the 
rcqiiiremcnts of 40 CFK 192.32[a)(I), or 

(2) The combined area of all piles nt a 
licensed site is less than 20 acrcs. 
The Administrator will grant. gront with 
conditions, or deny the application. If 
granted, the owner must certify to Ihe 
Administrator every 5 years that it still 
mccts a t  least one of the preceding 
criteria. Following this crrtificrition. the 
Administrator will grant, grant with 
conditions or deny the exception. At nny 

such time as neither of the two criteria 
continue to apply, the owner shall so 
notify the Administrator, and the 
exception shall terminate. 

[e) An owner may apply to the 
Administrator on Rn impoundment-by- 
impoundment basis, for a n  extension to 
continue using a n  existing tailings pile. 

(l)[i) An extension may be granted 
upon a showing that, despite a good 
faith effort by the owner, it cannot, due 
to circumstances beyond its control, 
meet any  paragraph (b) schedule 
deadline. 

any paragraph (b) or ( c )  schedule 
deadline a t  the Administrator's 
discretion, upon n showing hy the owner 
that the extension is consistcnt with 
protection of the public hcnlth with an 
ample margin of safcty. To make this 
showing. the owner must first certify 
thrtt i t  is in conipliance with applicable 
existing NRC regulntions and license 
conditions. In addition, the 
Administrator will also take into 
account: the size and condition of the 
pile, the size and location of the nearby 
population, the length of extension 
reqirested. the existence and 
effectiveness of any risk rediiction 
practices that are  or will be taken, and  
the expected level of future mill activity. 

( i i )  An extension may be granted. for 

[Z) The owner may apply for an 
extension at any time up to I year before 
the cease-use dnte. The Administrator 
will have 9 months from the date  of 
Rpplictition to grnnt. grant with 
conditions or deny the extension. 
Subject to paragraph (g) of this section, 
no extension will be granted for longer , 
than 5 years, and no extension pursuant 
to paragraph [e)(l)(i] shall be granted for 
any period longer than necessary for the 
owner to meet applicable paragraph (11) 
requircrnents. 

(3) The owner may apply for as many 
extensions as needed. Each extension 
must be applied for and proven 
separtl telp. 

(4) The Administrator will provide €or 
public nolice nnd comment on all 
applications for approval of extensions. 

(0 All applications for approval of 
exceptions or extensions shall be  sent to 
the Assistant Administrator for Air and 
Radiation (ANR-4431, US. 
Environmental Protection Agency. 401 M 
Street. SW., Wnshington, DC 20460. 

(g) New tailings shall not be placed on 
any existing tailings pile after December 
31,2001, and no exception or extension 
shall be effective after that date. 
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